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OFFICERS 
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AMERICAN  SOCIETY  OF  MECHANICAL 

ENGINEERS. 

1903-1904, 

FORMING   THE  STATUTORY  COUNCIL. 


PRESIDENT. 
Ambrose  Swaskt Cleyeland,  O. 

YICE-PBESIDENT8. 

F.  n.  DANifcLS Worcester,  Mass. 

James  Chbistie Philadelphia,  Pa. 

John  R.  Freeman Providence,  R.  I. 

Terms  expire  at  Annaal  Meeting  of  1904. 

D.  S.  Jacobus Hoboken,  N.  J. 

M.  L.  HoLMAN St.  Louis,  Mo. 

William  J.  Keep Detroit,  Mich 

Terms  expire  at  Annual  Meeting  of  1906. 

MANAGEB8. 

R.  S.  MooBB San  Francisco,  Cal. 

H.  A.  GiLLiB Richmond,  Va. 

Chas.  H.  Corbett Brooklyn,  N.  T. 

Terms^expire  at  Annual  Meeting  of  1904. 

R.  C.  McKmNEY New  York,  N.  Y. 

8.  S.  Webber Trenton,  N.  J. 

Nkwbll  Sanders Chattanooga,  Tenn. 

Terms  expire  at  Annual  Meeting  of  1905. 

George  I.  Rockwood Worcester,  Mass. 

John  W.  Libb.  Jr New  York,  N.  Y. 

Asa  M.  Mattice Pittsburg,  Pa. 

Terms  expire  at  Annual  Meeting  of  1906. 

TREASURER, 
Wm.  H.  Wiley Nos.  43-45  Bast  19th  St.,  New  York,  N.  Y. 

SECRETARY, 
Peof.  P.  R.HDTTON No.  12  West  81st  St.,  New  York,  N.Y. 


HONORARY  COUNCILLORS. 

PAST  PRESIDENTS  OF  THE  SOCIETY. 

Thurston,  R.  H 1880—1882 Died  Oct.  25, 1908 

Leavitt.  E.  D 1882—1883 Cambridge.  Mass. 

SWBET,  John  E 1883—1884 Syracuse,  N.  Y. 

HOLLOWAY,  J.  F 1884—1885 Died  Sept.  1,  1896 

Sellers,  Coleman 1885 — 1886 Philadelphia,  Pa. 

Babcock.  George  H 1886—1887 Died  Dec.  16,  1893 

See,  Horace 1887—1888 

TowNE,  Henry  R 1888—1889 Stamford,  Conn. 

Smith,  Oberlin 1889—1890 Bridgeton,  N.  J. 

Hunt,  Robert  W.... 1890—1891 Chicago,  111. 

LoRiNG,  Charles  H 1891—1892.. Brooklyn,  N.  Y. 

COXE,  Eckley  B 1892—1894 Died  May  13,  1895 

Davis,  E.  F.  C 1894 Died  Aug.  6,  1895 

BiLLTNGS,  Charles  E.* 1895 Hartford,  Conn. 

Fritz,  John 1895—1896 Bethlehem,  Pa. 

Warner,  Worcester  R 1896—1897 Cleveland,  O. 

Hunt,  Charles  Wallace 1897—1898 New  York,  N.  Y. 

Melville,  George  W 1898—1899 Philadelphia,  Pa. 

Morgan,  Charles  H 1899—1900 Worcester,  Mass. 

Wellman,  S.  T 1900—1901 Cleveland,  O. 

Reynolds,  Edwin 1901—1902 Milwaukee,  Wis. 

Dodge,  James  M 1902—1903 Philadelphia,  Pa. 

[Note.— According  to  the  Constitution,  Article  C  27,  the  five  BiiiTiving  Past  Presidents  who  lant 
held  the  office  shall  be  members  of  the  Council,  with  all  the  rights,  privileges  and  duties  of  the 
other  members  of  the  council.] 

*  Unexpired  term  of  B.  F.  C.  Dayis. 


NOTE. 

The  ooDsiderable  balk  of  the  yolame  of  Transactions  has  indaced  the  Publi- 
cation Committee  to  direct  the  insertion  of  a  summary  of  the  Society  member- 
ship in  place  of  the  complete  list  of  members  which  was  published  in  the  earlier 
Tolames.  The  summary  attaching  to  this  issue  is  that  which  appears-  in  the 
catalo^e  of  the  Society  issued  with  corrections  to  July  1st,  1904.  Reference  for 
the  complete  list  should  be  made  to  the  **  Qeographical  List"  for  July,  1904. 
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Africa 20 

Australia 4 

Belgium 3 

ratiada 81 

Central   America 1 

China 3 

Cuba 2 

France 9 

Germany    7 

Great  Britain  (England) 44 

Great  Britain  (Scotland) 4 

Total  foreign  membership . 
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Japan 

Mexico 

Norway    

Russia 

South  America. . 

Sweden 

Switzerland 

I  Trinidad,  B.  W,  I 
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I 
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5 
7 
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1 
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United  States. 
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.  80 
.       28 


Alabama 

Alaska 

Ariiona. 

Arkanaaa 

California 

Colorado 

Connecticut Ill 

Delaware 14 

District  of  Columbia 28 

Georgia    13 

Hawaiian  Islands 1 

IlllnoU 164 

Indiana 88 

Iowa 8 

Kansas 8 

Kentucky 4 

Louii«iana 11 

Maine    l:j 

Maryland 85 

MajMiaehusettfl 249 

Michljran 67 

MionesoU 18 

If  ia»ianippi 1 

Miaaouri 41 


Membership. 

Montana    9 

Nebraska 8 

New  Hampshire 15 


New  Jersey. 
New  Mexico . . . 

New  York 

North  Carolina. 
Nortli  Dakota.. 

Ohio    

Oklahoma 

Oregon 


180 
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802 
4 
1 

188 
1 
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Pennsylvania 377 

2 
48 

;5 

1 
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Porto  Rico 

Rhode  Island 

South  Carolina 

South  Dakota 

Tennessee 

Texas 

iUtah 

Vermont 11 

.  Virginia 25 

I  Washington 5 

I  West  Virginia 8 

I  WisconHin 6tJ 


5 
«> 


Total  membership  in  the  United  States 2,577 
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GEOGRAPHICAL  SUMMARY. 

Total  foreigQ  membership 161 

Total  membership  in  United  States 2,677 

*  Present  address  unknown = 2 

Total  membership 2,740 

SUMMARY  OP  MEMBERSHIP  BY  GRADES. 

Honorary  members 18 

Members 1,856 

Associates 221 

Junior  members 645 

Total  njembersbip 2,740 

f  Life  members 108 

• 

*  These  are  Lawrence  V.  Melville  and  Frank  Pettit,  both  Junior  Members,  and  if  any 
member  knows  their  present  addresses  he  will  confer  a  favor  by  so  advising  the  Secretary. 

t  These  Life  Members  are  incladed  in  the  total  membership  above,  in  the  class  to  which  they 
belong. 
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AMERICAN    SOCIETY    OF    MECHANICAL 

ENGINEERS. 


COT^STITUTIOK 


NAME,    OBJECT   AND    GOVERNMENT. 


C  1.  The  title  of  this  Society  is  "  The  American  Society  of 
Mechanical  Engineers." 

C  2.  The  object  of  the  Society  is  to  promote  the  Arts  and 
Sciences  connected  with  Engineering  and  Mechanical  Construc- 
tion. The  principal  means  for  this  purpose  shall  be  the  holding 
of  meetings  for  the  reading  and  discussion  of  professional  papers, 
and  for  social  intercourse;  the  publication  and  distribution  of  its 
papers  and  discussions;  and  the  maintenance  of  an  Engineering 
Library. 

C'  3.  The  Society  shall  be  governed  by  this  Constitution,  and 
by  By-I^ws  and  Kules  in  harmony  therewith. 

C  4.  The  Society  was  organized  as  a  Corporation  under  the 
laws  of  the  State  of  New  York,  April  7,  1880.  Its  oflSces  shall 
1)6  located  in  the  City  of  New  York. 

HEMUEK8HIP. 

C  5.  Persons  connected  with  the  Arts  and  Sciences  relating 
to  Engineering  or  Mechanical  Construction  may  be  eligible  for 
admission  into  the  Society. 

C  6.  The  membership  of  the  Society  shall  consist  of  Hon- 
orary Members,  Members,  Associates  and  Juniors.  Honorary 
Memliers,  Members  and  Associates  are  entitled  to  vote  and  to 
hold  office.  Juniors  shall  not  be  entitled  to  vote  nor  to  be 
officers  of  the  Society,  but  shall  be  entitled  to  the  other  privileges 
of  membership. 

C  7.     Honorary  Members,  Members  and  Associates  are  en- 
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titled  to  vote  on  all  questions  before  any  meeting  of  the  Society, 
in  person  or  by  proxy,  given  to  a  voting  member.  A  proxy 
shall  not  be  valid  for  a  greater  time  than  six  months. 

C  8.  Honorary  Members  shall  be  persons  of  acknowledged 
professional  eminence,  and  their  number  shall  not  exceed  twenty-, 
five  at  anv  time. 

C  9.  A  Member  must  have  been  so  connected  with  Engi* 
neering  as  to  bo  competent,  as  a  designer  or  as  a  constructor, 
to  take  responsible  charge  of  work  in  his  branch  of  Engineering, 
or  he  must  have  served  as  a  teacher  of  Engineering  for  more 
than  five  years.     A  Member  shall  be  thirty  years  of  age  or  over. 

C  10.  An  Associate  must  either  have  the  other  qualifications 
of  a  Member  or  be  so  connected  with  Engineering  as  to  be  com- 
petent to  take  charge  of  engineering  work,  or  to  co-operate  with 
Engineers.  An  Associate  shall  be  twenty-six  years  of  age  or 
over. 

P  11.  A  Junior  must  have  had  such  engineering  experience 
as  will  enable  him  to  fill  a  responsible  subordinate  position  in 
engineering  work,  or  ho  must  be  a  graduate  of  an  engineering 
school.     A  Junior  shall  be  twenty-one  years  of  age  or  over. 

C  12.  The  rights  and  privileges  of  every  Honorary  Member, 
Member,  Associate  and  Junior  shall  be  personal  to  himself,  and 
shall  not  be  transferable  or  transmissible  by  his  own  act  or  by 
operation  of  law. 


ADMISSION. 


C  13.  Honorary  Members  shall  be  nominated  by  at  least  ten 
members  of  the  Society.  The  grounds  upon  which  the  nomina- 
tion is  made,  shall  be  presented  to  the  Council  in  writing. 

C  14.  All  applications  for  membership  to  the  grades  of 
Member,  Associate  or  Junior  shall  be  presented  to  the  Council, 
which  shall  consider  and  act  u|)on  each  application,  assigning 
each  approved  applicant  to  the  grade  of  nu^mbership  to  which, 
in  the  jud<j^inent  of  the  Council,  his  (nullifications  entitle  him. 
The  name  of  <^ach  candidate  tlms  a])])rovod  by  tlie  Council,  shaU, 
unless  objection  is  made  by  the  applicant,  be  submitted  to  the 
voting  memborshi])  for  (^lection,  by  moans  of  a  letter- ballot. 

C  15.  Associates  or  Juniors  desiring  to  chimge  their  grade  of 
membership  sliall  make  application  to  the  (^oancil  in^thesame 
manner  as  is  required  in  the  case  of  a  new  applicant. 
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C16.  Election  to  membership  shall  be  by  a  sealed  letter- 
ballot  as  the  By-Laws  shall  provide.  Adverse  votes  to  the  num- 
ber of  two  per  cent,  of  the  votes  cast  shall  be  required  to  defeat 
the  election  of  an  applicant  for  any  grade  of  membership.  The 
Cooncil,  may  in  its  discretion,  order  a  second  ballot  upon  a  de- 
feated applicant,  in  which  case  adverse  votes  to  the  number  of 
four  per  cent,  of  the  votes  cast,  shall  be  required  to  defeat  the 
election. 

C 17.  The  election  of  Honorary  Members  shaU  be  by  a  vote 
of  the  Council  taken  by  letter-ballot,  as  provided  in  the  By-Eaws. 
One  dissenting  vote  shall  defeat  such  election. 

C 18.  Each  person  elected,  excepting  Honorary  Members, 
shall  subscribe  to  this  Constitution,  and  shall  pay  the  initiation 
fee  before  he  can  be  entitled  to  the  rights  and  privileges  of 
membership.  If  such  person  does  not  comply  with  this  require- 
ment within  six  months  after  notice  of  his  election,  he  will  be 
deemed  to  have  declined  election.  The  Council  may,  thereupon, 
declare  his  election  void. 

INITIATION   FEES   AND   DUES. 

C  19.  The  initiation  fee  for  membership  in  each  grade  shall 
be  as  follows: 

For  Member Twenty-five  Dollars, 

For  Associate Twenty-five  Dollars, 

For  Junior Fifteen  Dollars. 

C  20.  A  Junior,  on  promotion  to  any  other  grade  of  member- 
ship, shall  pay  an  additional  fee  of  Ten  Dollars. 

C  21.  The  annual  dues  for  membership  in  each  grade  shall 
be  as  follows: 

For  Member Fifteen  Dollars, 

For  Associate Fifteen  Dollars, 

For  Junior Ten  Dollars  for  the  first 

six  years  of  his  membership  anil  thereafter  the 

same  as  for  an  Associate. 

C  22.  The  Council  may  in  its  discretion,  permit  any  Member 
or  Associate  to  become  a  Life  Member  in  the  same  grade,  by  the 
payment  at  one  time  of  an  amount  sufficient  to  purchase  from 
the  Equitable  Life  Assurance  Society  of  New  York,  an  annuity 
on  the  life  of  a  person  of  the  age  of  the  applicant  equal  to  the 
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annual  dues  in  his  grade.     Such  Life  Member  shall  not  be  liable 
thereafter  for  annual  dues. 

C  23.  The  Council  shall  have  the  power,  by  letter-baHot,  to 
admit  to  Life  Membership,  without  the  payment  of  a  life  mem- 
bership fee,  any  person  who,  for  a  long  term  of  years,  has  been 
a  Member  or  an  Associate  when,  for  special  reasons,  such  pro- 
cedure would,  in  its  judgment,  promote  the  best  interests  of  the 
Society,  provided  that  notice  of  such  proposed  action  shall  have 
beopL  given  at  a  previous  meeting  of  the  Council.  One  dissent- 
ing vote  shall  defeat  such  admission. 

SUSPENSIONS   AND   EXPULSIONS. 

• 

C  24.  Any  Member,  Associate  or  Junior  who  shall  leave  his 
annual  dues  unpaid  for  one  year,  shall  not  receive  the  volume  of 
Transactions  until  such  arrears  are  paid.  Any  Member,  Asso- 
ciate or  Junior  who  shall  leave  his  dues  unpaid  for  two  ye^rs, 
shall,  in  the  discretion  of  the  Council,  have  his  name  stricken 
from  the  roll  of  membership,  and  shall  cease  to  have  any  further 
rights  as  such. 

C  25.  The  Council  may  refuse  to  receive  the  dues  of  any 
member  of  any  grade,  who  shall  have  been  adjudged  by  the 
Council  to  have  violated  the  Constitution  or  By-Laws  of  the 
Society,  or  who,  in  the  opinion  of  the  Council  by  a  two-thirds 
vote,  shall  have  been  guilty  of  conduct  rendering  him  unfit  to 
continue  in  its  membership;  and  the  Council  may  expel  such 
person  and  remove  his  name  from  the  list  of  members. 

THE   COUNCIL. 

C  26.  The  affairs  of  the  Society  shall  be  managed  by  a  Board 
of  Directors  chosen  from  among  its  Members  and  Associates, 
which  shall  be  styled  ''  The  Council."  The  Council  shall  consist 
of  the  President  of  the  Society,  who  shall  be  the  presiding  officer, 
six  Vice-Presidents,  nine  Managers,  the  Treasurer  and  five  Past 
Presidents.  Five  members  of  the  Council  shall  constitute  a 
quorum  for  the  transaction  of  business.  The  Secretary  may 
take  part  in  the  deliberations  of  the  Council,  but  shall  not  have 
a  vote  therein.  The  Chairman  of  the  Finance  Committee  shall 
attend  the  meetings  of  the  Council  and  take  part  in  the  discus- 
sion of  financial  questions  but  shall  not  have  a  vote. 
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C  27.  The  five  surviving  Past  Presidents  who  last  held  the 
office  shall  be  members  of  the  Council  with  all  the  rights,  priv- 
ileges and  duties  of  the  other  members  of  the  Council. 

C  28.  The  Council  thus  constituted  shall  be  the  legal  Trustee 
of  the  Society.  All  gifts  or  bequests  not  designated  for  a  specific 
purpose  shall  be  invested  by  the  Council,  and  only  the  income 
therefrom  may  be  used  for  current  expenses. 

e  29.  Should  a  vacancy  occur  in  the  Council,  or  in  any  elec- 
tive office  except  the  presidency,  through  death,  resignation  or 
other  cause,  the  Council  may  elect  a  Member  or  Associate  to  fill 
the  vacancy  until  the  next  annual  election. 

C  30.  The  Council  shall  regulate  its  own  proceedings,  and 
may  by  resolution  delegate  specific  powers  to  an  Executive 
Committee  or  to  any  one  or  more  members  of  the  Council.  No 
act  of  the  Executive  Committee  or  of  a  delegate  shall  be  binding 
until  it  has  been  approved  by  a  resolution  of  the  Council. 

C  31.  The  Council  shall  present  at  the  Annual  Meeting  of 
the  Society  a  report  verified  by  the  President  or  Treasurer  or 
by  a  majority  of  the  members  of  the  Council,  showing  the  whole 
amount  of  real  and  personal  property  owned,  by  the  Society, 
where  located,  and  where  and  how  invested,  and  the  amount 
and  nature  of  the  property  acquired  during  the  year  immediately 
preceding  the  date  of  the  report,  and  the  manner  of  the  acquisi- 
tion; the  amount  applied,  appropriated  or  expended  during  the 
year  immediately  preceding  such  date,  and  the  purposes,  objects 
or  |)ersons  to  or  for  which  such  applications,  appropriations  or 
expenditures  have  been  made;  also  the  names  and  places  of  resi- 
dence of  the  persons  who  have  been  admitted  to  membership  in 
the  Society,  during  the  last  year,  which  report  shall  be  filed 
with  the  records  of  the  Society,  and  an  abstract  thereof  shall  be 
entered  in  the  minutes  of  the  proceedings  of  the  Annual  Meeting. 

C  32.  An  act  of  the  Council,  which  shall  have  received  the 
expressed  or  the  implied  sanction  of  the  membership  at  the  next 
rabsequent  meeting  of  the  Society,  shall  be  deemed  to  be  the  act 
of  the  Society,  and  shall  not  afterwards  be  impeached  by  any 
member. 

C  33.  The  Council  may,  by  a  two-thirds  vote  of  the  members 
present,  declare  any  elective  office  vacant,  on  the  failure  of  its 
incumbent  for  one  year,  from  inability  or  otherwise,  to  attend 
the  Council  meetings,  or  to  perform  the  duties  of  his  office,  and 
ihall  thereupon  appoint  a  Member  or  Associate  to  fill  the  vacancy 


xvi  CONSTITUTION,   BY-LAWS  AND  RULES  OP  THE 

until  the  next  Annual  Meeting.     The  said  appointment  shall  not 
render  the  appointee  ineligible  to  election  to  any  office. 

OFFICERS. 

C  34.  At  each  Annual  Meeting  there  shall  be  elected  from 
among  the  Members  and  Associates: 

A  President  to  hold  office  for  one  year. 
Three  Vice-Presidents,  each  to  hold  office  for  two  years. 
Three  Managers,  each  to  hold  office  for  three  years. 
A  Treasurer  to  hold  office  for  one  year. 

C  35.  The  election  of  officers  shall  be  by  sealed  letter-ballot, 
as  the  By-Laws  shall  provide. 

C  36.  The  term  of  all  elective  officers  shall  begin  on  the  ad- 
journment of  the  Annual  Meeting  of  the  Society.  Officers  shall 
continue  in  their  respective  offices  until  their  successors  have  been 
elected  and  have  accepted  their  offices. 

C  37.  A  President,  Vice-President  or  Manager  shall  not  be 
eligible  for  immediate  re-election  to  the  same  office  at  the  expira- 
tion of  the  term  for  which  he  was  elected. 

C  38.  The  Council,  at  its  first  meeting  after  the  Annual 
Meeting  of  the  Society,  shall  appoint  a  person  of  the  grade  of 
Member  to  serve  as  Secretary  of  the  Society  for  one  year,  sub- 
ject to  removal  for  cause  by  an  affirmative  vote  of  fifteen  mem- 
bers of  the  Council,  at  any  time  after  one  month's  written  notice 
has  been  given  him  to  show  cause  why  he  should  not  be  re- 
moved, and  he  has  been  heard  in  his  own  defense,'  if  he  so  de- 
sires. The  Secretary  shall  receive  a  salary  which  shall  be  fixed 
by  the  Council  at  the  time  of  his  appointment. 

C  39.  The  President,  Secretary  and  Treasurer  shall  perform 
the  duties  legally  or  customarily  attaching  to  their  respective 
offices  under  the  Laws  of  the  State  of  New  York,  and  such  other 
duties  as  may  be  required  of  them  by  the  Council. 

C  40.  A  vacancy  in  the  office  of  President  shall  be  filled  by 
the  Vice-President,  who  is  senior  by  age. 

MEETINGS. 

C  41.  The  Society  shall  hold  two  meetings  in  each  year.  The 
Annual  Meeting  shall  begin  in  New  York  City  on  the  first  Tues- 
day in  December,  and  a  Semi- Annual  Meeting  shall  be  held  at 
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such  time  and  place  as  the  Council  may  appoint.  I^if  ty  Members 
aod  Associates  shall  constitute  a  quorum  for  the  transaction  of 
business. 

C  42.    Special  meetings  of  the  Society  may  be  called  at  any 

time  at  the  discretion  of  the  Council,  or  shall  be  called  by  the 

President  upon  the  written  request  of  fifty  members  entitled  to 

rote,  the  notices  for  such  meetings  to  state  the  business  for 

which  such  meeting  is  called,  and  no  other  business  shall  be 

entertained  or  transacted  at  that  meeting. 

C  43.  Any  appropriation  recommended  by  the  Society  at  a 
meeting  shall  not  take  effect  until  it  has  been  approved  by  the 
Council. 

C  44.  Every  question  which  shall  come  before  a  meeting  of 
the  Society  or  of  the  Council  or  a  Committee,  shall  be  decided 
by  a  majority  of  the  votes  cast,  unless  otherwise  provided  in  this 
Constitution  or  the  By-Laws,  or  the  Laws  of  the  State  of  New 
York.  The  Council  may  order  the  submission  of  any  question 
to  the  membership  for  discussion  by  letter-ballot.  Any  meeting 
of  the  Society  at  which  a  quorum  is  present,  may  order  the  sub- 
mission of  any  question  to  the  membership  for  discussion  by 
letter-ballot. 

STANDING   COMMITTEES. 

C  45.  The  Standing  Committees  of  the  Society  to  be  ap- 
pointed by  the  President  shall  be: 

Finance  Committee, 
Committee  on  Meetings, 
Publication  Committee, 
Membership  Committee, 
Library  Committee, 
House  Committee. 
C  46.     There  shaU  be  a  John  Fritz  Medal  Committee  of  three 
members  appointed  as  provided  in  the  By-Laws. 
C  47.     The  Annual  Committees  shall  be: 
An  Executive  Committee,  appointed  by  the  Council. 
A  Nominating  Committee,  appointed  by  the  President. 
Tellers  as  required    by   the  By-Laws,   appointed   by   the 
President. 
C  48.     Special  Nominating  Committee: 
Twenty  or  more  members  entitled  to  vote  may  constitute 
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themselves  a  Special  Nominating  Committee,  with  the  same 
powers  as  the  Annual  Nominating  Committee. 

C  49.  Professional  Committees: 
The  Council  shall  have  power  to  appoint,  upon  a  recom- 
mendation of  the  Society  at  a  general  meeting,  or  upon  its  own 
initiative,  such  Professional  Committees  as  it  may  deem  desira- 
ble, to  investigate,  consider  and  report  upon  subjects  of  engineer- 
ing interest.  Eeports  of  such  committees  may  be  accepted  by 
the  Society  and  printed  in  the  TrcmsdctionSy  but  shall  not  be 
approved  or  adopted  as  the  action  of  the  Society.  Any  proposed 
expenses  of  such  committees  must  be  authorized  by  the  Council 
before  they  are  incurred. 

C  50.  Each  Committee  shall  perform  the  duties  required  of  it 
in  the  By-Laws,  or  assigned  to  it  by  the  Council.  The  Secretary 
of  the  Society  shall  be  the  Secretary  of  each  of  the  Standing 
Committees. 

C  51.  The  Council  may  at  any  time,  in  its  own  discretion, 
remove  any  or  all  members  of  any  Committee,  except  a  Nom- 
inating Committee;  and  the  vacancy,  arising  from  this  or  from 
any  other  cause,  shall  be  filled  by  appointment  by  the  President, 
except  a  vacancy  in  the  Executive  Committee,  which  shall  be 
fiUed  by  the  Council. 

SECTIONS  OF  THE  SOCIETY. 

C  52.  The  Council  may,  in  its  discretion,  authorize  the  or- 
ganization of  sections  or  groups  of  any  or  all  grades  of  member- 
ship, for  professional  or  scientific  purposes  which  are  in  harmony 
with  the  Constitution  and  By-Laws  of  this  Society.  Such  sec- 
tions or  groups  may,  in  the  discretion  of  the  Council,  be  geo- 
graphical or  professional,  and  shall  have  such  powers,  and  act 
under  such  rules  and  regulations  as  the  Council  may  from  time 
to  time  prescribe. 

TRANSACTIONS. 

C  53.  The  official  record  of  technical  papers  and  discussion, 
shall  be  known  as  the  Transactions  of  the  Society,  and  shall  be 
published  under  the  direction  of  the  Council.  There  may  be 
included  therein,  the  annual  report  of  the  Council,  reports  of 
Committees,  and  business  records  of  the  Society. 
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C  54.  The  Society  shall  claiin  no  exclusive  copyright  to  any 
papers  read  at  its  meetings,  or  any  reports  or  discussions  thereon, 
except  in  the  matter  of  their  official  publication  under  the  So- 
ciety's imprint  as  its  Transactions.  The  policy  of  the  Society 
shall  be  to  give  the  professional  and  scientific  papers  read  before 
it  the  widest  circulation  possible,  with  the  view  of  making  the 
work  of  the  Society  known,  encouraging  Engineering  progress 
and  extending  the  professional  reputation  of  its  members. 

C  55.  The  Society  shall  not  be  responsible  for  statements  or 
opinions  advanced  in  papers  or  in  discussions  at  its  meetings. 
Matters  relating  to  politics  or  purely  to  trade  shall  not  be  dis- 
cussed at  a  meeting  of  the  Society,  nor  be  included  in  the 
Transactions. 

C  56.  The  Society  shall  not  approve  or  adopt  any  standard 
or  formula,  or  approve  any  engineering  or  commercial  enterprise. 
It  shall  not  allow  its  imprint  or  name  to  be  used  in  any  commer- 
cial work  or  business. 

AMENDMENTS   TO  THE   CONSTITUTION. 

C  57.  At  any  semi-annual  meeting  of  the  Society  any  mem- 
ber may  propose  in  writing  an  amendment  to  this  Constitution. 
Such  proposed  amendment  shall  not  be  voted  on  at  that  meeting, 
bat  shall  be  open  to  discussion  and  to  such  modification  as  may 
be  accepted  by  the  proposer.  The  proposed  amendment  shall 
be  mailed  in  printed  form  by  the  Secretary  to  each  member  of 
the  Society  entitled  to  vote,  at  least  sixty  days  previous  to  the 
next  annual  meeting,  accompanied  by  comment  by  the  Council, 
if  it  80  elects.  At  that  annual  meeting  such  proposed  amend- 
ment shall  be  presented  for  discussion  and  final  amendment,  and 
shall  subsequently  be  submitted  to  all  members  entitled  to  vote, 
provided  that  twenty  votes  are  cast  in  favor  of  such  submission. 
The  final  vote  on  adoption  shall  be  by  sealed  letter- ballot,  clos- 
ing at  twelve  o'clock  noon  on  the  first  Monday  of  March 
following. 

C  58.  The  letter-ballot,  accompanied  by  the  text  of  the  pro- 
posed amendment,  shall  be  mailed  by  the  Secretary  to  each 
member  of  the  Society  entitled  to  vote  at  least  thirty  days  pre- 
vious to  the  closure  of  the  voting.  The  ballots  shall  be  voted, 
canvaased  and  announced  as  provided  in  the  By-Laws.  The 
adoption  of  the  amendment  shall  be  decided  by  a  majority  of  the 
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votes  cast.  An  amendment  shall  take  effect  on  the  announce- 
ment of  its  adoption  by  the  Presiding  Officer  of  the  semi-annual 
meeting  next  following  the  closure  of  the  vote. 

AMENDMENTS   TO   BY-LAWS   AND   BULES. 

C  59.  For  the  further  ordering  of  the  affairs  of  the  Society, 
the  Council  may,  by  a  two-third  vote  of  its  members  present, 
amend  the  By-Laws  in  harmony  with  this  Constitution,  pro- 
vided that  a  written  notice  of  such  proposed  amendment  diall 
have  been  given  at  the  previous  regular  meeting  of  the  Council; 
and  provided  further  that  the  Secretary  shall  have  mailed  to 
each  member  of  the  Council  a  copy  of  such  proposed  amend- 
ment, at  least  thirty  days  in  advance  of  the  meeting  of  the 
Council  at  which  action  is  to  be  taken.  The  amendment  shall 
take  effect  immediately  on  its  passage  by  the  Council.  The 
Secretary  shall  at  once  mail  a  copy  of  such  amendment  to  the 
members  of  all  grades. 

C  60.  The  Council  may,  by  a  majority  vote  of  the  members 
present  at  any  meeting,  establish,  amend  or  annul  Eules  for  the 
conduct  of  the  business  affairs  of  the  Society;  for  the  ordering 
and  conduct  of  its  professional  or  business  meetings;  and  for 
guidance  of  its  committees  in  their  work  and  reports;  provided 
that  such  Rules  are  in  hannony  with  the  Constitution  and  By- 
Laws  of  the  Society. 

COIS'STITUTION   GOES    INTO    EFFECT. 

C  61.  This  Constitution  shall  supersede  all  previous  Kules  of 
the  Society,  and  shall  go  into  effect  on  the  announcement  by  the 
Presiding  Officer  of  its  adoption. 


IJY-LAWS. 

CANDIDATES    FOR   MEMHEKSIIIP. 


B  1.  A  candidate  for  admission  to  the  Society  as  a  Member 
or  as  an  Associate  must  make  u]i])lication  on  a  form  approved  by 
the  Council,  upon  which  he  shall  write  a  statement  giving  a 
complete  account  of  his  qualifications  and  engineering  experience, 
and  an  agreement  that  ho  will,  if  elected,  confonn  to  the  Con- 
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stitution,  By-Laws  and  Eules  of  the  Society.  He  must  refer  to 
at  least  five  Members  or  Associates  to  whom  he  is  personally 
known. 

B  2.  Applications  for  membership  from  Engineers  who  are 
not  resident  in  the  United  States  or  Canada,  and  who  may  be 
so  situated  as  not  to  be  personaUy  known  to  five  Members  of  the 
Society,  as  required  in  the  foregoing  paragraph,  may  be  recom- 
mended for  ballot  by  five  members  of  the  Council,  after  sufficient 
evidence  has  been  secured  to  show  that  in  their  opinion  the  appli- 
cant is  worthy  of  admission  to  the  grade  which  he  seeks. 

B3.  A  candidate  for  admission  to  the  Society  as  a  Junior 
must  make  application  in  the  same  manner  as  provided  for  Mem- 
bers, except  that  he  must  refer  to  not  less  than  three  Members 
or  Associates  to  whom  he  is  personally  known. 

B  4.  References  shall  not  be  required  of  candidates  for  Hon- 
orary Membership. 

B  5.  The  references  for  each  candidate  for  admission  to  the 
Society  shall  be  requested  to  make  a  confidential  communication 
to  the  Membership  Committee,  setting  forth  in  detail  such  in- 
formation, personally  known  to  referee,  as  shall  enable  the 
Council  to  arrive  at  a  proper  estimate  of  the  eligibility  of  the 
candidate  for  admission  to  the  Society. 

ELECTION    OF   MEMBERS. 

B  0.    The  Secretary  shall  mail  to  each  member  entitled  to 
vote,  at  least  thirty  days  in  advance  of  each  annual  or  semi- 
annual meeting,  a  ballot  stating  the  names  and  the  respective 
grades  of  the  candidates  for  membership  in  the  Society  which 
have  been  approved  by  the  Council,  and  the  time  of  the  closure 
of  voting.     The  voter  shall  prepare  his  ballot  by  crossing  out 
the  names  of  candidates  rejected  by  him,  and  shall  enclose  said  bal- 
lot in  a  sealed  blank  ballot  envelope  which  he  shall  then  enclose  in 
a  second  scaled  outer  envelope  on  which  he  shall,  for  identifica- 
tion, write  his  name  in  ink.     The  ballot  thus  prepared  and  en- 
closed shall  be  mailed  or^  delivered  unopened  to  the  Tellers  of 
Election.     The  Secretary  shall  certify  to  the  competency,  and 
the  signature  of  all  voters.     On  the  closure  of  voting,  the  Tellers 
of  Election  shall  first  open  and  destroy  the  outer  envelopes,  and 
ihall  then  canvass  the  ballots,  and  certify  the  result  to  the  meet- 
ing  of  the  Society. 
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B  7.  The  Tellers  shall  not  receive  any  ballot  after  the  stated 
time  of  the  closure  of  voting.  A  ballot  without  the  endorsement 
of  the  voter,  written  in  ink  on  the  outer  envelope,  is  defective, 
and  shall  be  rejected  by  the  Tellers  of  Election, 

B  8.  The  names  of  those  persons  elected  to  membership,  with 
their  respective  grades,  shall  be  embodied  in  a  written  report, 
signed  by  the  Tellers,  and  presented  to  the  next  meeting  of  the 
Society.  The  President  shall  then  declare  them  duly  elected  to 
membership  in  the  Society.  The  Tellers  may,  through  the 
Secretary,  in  advance  of  any  meeting  advise  each  candidate  of 
the  result  of  the  canvass  of  the  votes  in  his  case.  The  names  of 
applicants  who  are  not  elected  shall  neither  be  antiounced  nor 
recorded  in  the  Transdctions. 

B  9.  The  endorsers  of  an  applicant  who  has  not  been  elected, 
may,  with  his  consent,  present  to  the  Council  a  written  request 
for  a  re-submission  of  his  name  to  ballot.  The  Council  may,  in 
its  discretion,  by  a  three- fourths  vote  of  the  members  present, 
order  the  name  of  the  applicant  placed  on  the  next  ballot  for 
members. 

B  10.  Election  to  Honorary  Membership  shall  be  by  letter- 
ballot  of  the  Council.  A  notice  of  such  proposed  election  shall 
be  mailed  by  the  Secretary  to  each  member  of  the  Council  at 
least  sixty  days  in  advance  of  the  date  set  for  the  closure  of 
such  election. 

B  11.  Each  person  elected  to  membership,  except  an  Hon- 
orary Member,  must  subscribe  to  the  Constitution,  By-Laws  and 
Rules  of  the  Society,  and  pay  the  initiation  fee  before  he  can 
receive  a  certificate  of  membership  in  the  Society. 

ELECTION    OF   OFFICERS. 

B  12.  The  Secretary  shall  mail  to  each  member  entitled  to 
vote,  at  least  thirty  days  before  the  Annual  Meeting,  the  names 
of  the  candidates  for  office  proposal  for  election  by  the  Nom- 
inating Committee. 

B  13.  The  names  of  the  candidates  proposed  by  the  Nom- 
inating Committee  or  Committees,  and  the  respective  offices  for 
which  they  are  candidates,  shall  be  printed  in  separate  lists  on 
the  same  ballot  sheet,  each  list  of  candidates  to  be  printed  under 
the  names  of  the  members  of  the  particular  committee  which 
proposed  it. 
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B14.  The  name  of  any  candidate  on  the  ballot  may  be 
erased,  and  the  name  of  any  person  qualified  to  hold  the  office 
written  in  its  stead.  The  voter  shall  make  a  cross  with  a  pen 
or  pencil  before  the  name  of  each  candidate  for  office  for  whom 
he  wishes  to  vote.  The  ballot  thus  prepared  must  be  voted  and 
canvassed  in  the  same  manner  as  for  the  election  of  members. 

B15.  At  the  first  session  of  the  Annual  Meeting,  the 
Tellers  of  Election  of  Officers  shall  canvass  the  votes  cast  for 
the  officers  of  the  Society  in  the  manner  prescribed  for  the  elec- 
tion of  members,  and  immediately  report  the  result  of  the  can- 
vass to  the  meeting.  The  President  shall  then  announce  the 
candidates  having  the  greatest  number  of  votes  for  their  respec- 
tive offices,  and  declare  them  elected  for  the  ensuing  year. 

B 16.  In  case  of  a  tie  in  the  vote  for  any  officer,  the  Presi- 
dent or,  in  his  absence,  the  Presiding  Officer  shall  cast  the  decid- 
ing vote. 

B 17.  A  ballot  which  contains  more  names  marked  by  a  cross 
on  it  than  there  are  officers  to  be  elected,  is  thereby  defective, 
and  shall  be  rejected  by  the  Tellers. 

FEES   AND   DUES. 

Bl8.  The  initiation  fee  and  annual  dues  of  the  first  year 
shall  be  due  and  payable  on  notice  of  election  to  membership, 
and  upon  that  payment  the  member  will  be  entitled  to  the  Trams- 
o^ilons  for  the  year.  Thereafter  the  annual  dues  shall  be  due 
Md  |>ayable  on  the  first  day  of  October  in  each  year. 

R  19.  A  member  in  arrears  for  one  year  shall  not  be  entitled 
to  xoie  until  such  arrears  have  been  paid.  Should  the  right  to 
vote  l)e  questioned,  the  books  of  the  Society  shall  be  conclusive 
evidence. 

B  20.  The  Secretary  shall  present  to  the  Council  the  name  of 
tny  Meml)er,  Associate  or  Junior  in  arrears  for  more  than  one 
year,  and  such  member  shall  not  receive  the  Transactions  until 
wch  arrears  are  fully  paid.  A  person  dropped  from  the  rolls 
for  Don- payment  of  dues  may,  in  the  discretion  of  the  Council, 
be  restored  to  the  privileges  of  membership,  upon  payment  of 
lU  arrears. 

FIKANCLAL   ADMINISTRATION. 

B91.  The  Council  at  its  first  meeting  in  each  fiscal  year, 
ihaU  oongider  the  recommendations  of  the  Finance  Committee 
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concerning  the  expenditure  necessary  for  the  work  of  the  Society 
during  that  year.  The  apportioning  of  the  work  of  the  Society 
among  the  various  Standing  and  other  Committees  shall  be  on 
a  basis  approved  by  the  Council  and  in  harmony  with  the  Con- 
stitution and  By-Laws.  The  appropriations  approved  by  the 
Council,  or  so  much  thereof  as  may  be  required  for  the  work  of 
the  Society,  shall  be  expended  by  the  various  Committees  of  the 
Society,  and  all  bills  against  the  Society  for  such  expenditure 
shall  be  certified  by  the  Committee  making  the  expenditure  and 
shall  then  be  sent  to  the  Finance  Committee  for  audit.  Money 
shall  not  be  paid  out  by  any  officer  or  employee  of  the  Society 
except  upon  bills  duly  audited  by  the  Finance  Committee,  or  by 
resolution  of  the  Council. 

COMMITTEES. 

B  22.  The  President  within  one  month  after  the  Annual 
Meeting  shall  fill  all  vacancies  in  the  Standing  Committees  by 
appointment  from  the  membership  of  the  Society. 

Each  of  the  Standing  and  the  Annual  Committees,  shall,  at 
their  first  meeting  after  the  Annual  Meeting,  elect  a  Chairman 
to  serve  for  one  year.  The  President  shall  appoint  the  Chair- 
man of  each  Professional  Committee.  A  member  of  a  Standing 
Committee  whose  term  of  office  has  expired,  shall  continue  tc 
serve  until  his  successor  shall  have  been  appointed. 

FINANCE    COMMITTEE. 

B  23.  The  Finance  Committee  shall  consist  of  five  Members 
or  Associates.  The  term  of  office  of  one  member  of  the  Com- 
mittee shall  expire  at  the  end  of  each  Annual  Meeting.  This 
Committee  shall,  in  the  discretion  of  the  Council,  have  a  super- 
vision of  the  financial  affairs  of  the  Society,  including  the 
books  of  account.  The  Committee  may  cause  the  accounts  oi 
the  Society  to  be  audited  and  approved  annually  by  a  chartered 
or  other  competent  public  accountant.  The  Committee  shalJ 
hold  monthly  meetings  for  the  audit  of  bills  and  such  other  busi- 
ness as  shall  come  before  it  and  shall  deliver  to  the  Secretary  foi 
presentation  to  the  Council  at  the  end  of  each  fiscal  year,  a  re- 
port of  the  financial  condition  of  the  Society  for  the  past  year, 
and  also  shall  present  therewith  a  detailed  estimate  of  the  prob* 
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able  income  and  expenditure  of  the  Society  for  the  following 
twelve  months.  It  shall  make  recommendations  to  the  Council 
as  to  investments,  and,  when  called  upon  by  the  Council,  advise 
upon  financial  questions. 

COMMITTEE   ON   MEETINGS. 

B  24.  The  Committee  on  Meetings  shall  consist  of  five  per- 
sons who  may  be  members  of  any  grade.  The  term  of  office  of 
one  member  of  the  Committee  shall  expire  at  the  end  of  each 
Annual  Meeting.  It  shall  be  the  duty  of  the  Committee  to  pro- 
cure professional  papers,  to  pass  upon  their  suitability  for  pres- 
entation, and  to  suggest  topical  subjects  for  discussion  at  the 
meetings.  The  Committee  may  refer  any  paper  presented  to 
the  Society  to  a  person  or  persons,  especially  qualified  by  the- 
oretical knowledge  or  practical  experience,  for  their  suggestions 
or  opinions  as  to  the  suitability  of  the  paper  for  presentation. 
Papers  from  non-members  shall  not  be  accepted  except  by  unan- 
imous vote  of  the  Committee. 

The  Committee  shall  arrange  the  programme  of  each  meeting 
of  the  Society,  and  shall  have  general  charge  of  the  entertain- 
ments to  be  provided  for  the  members  and  guests  at  each  meet- 
ing. It  shall  prohibit  the  distribution  or  exhibition  at  the  head- 
quarters or  at  the  meeting  places  of  the  Society  of  all  advertising 
circulars,  pamphlets  or  samples  of  commercial  apparatus  or 
machinery.  At  the  end  of  each  fiscal  year,  the  Committee  shall 
deliver  to  the  Secretary  for  presentation  to  the  Council,  a  de- 
tailed report  of  its  work. 

PUBLICATION   COMMITT^. 

B  25.  The  Publication  Committee  shall  consist  of  five  Mem- 
bers or  Associates.  The  term  of  ofiice  of  one  member  shall  ex- 
pire at  the  end  of  each  Annual  Meeting.  The  Committee  shall 
review  all  papers  and  discussions  which  have  been  presented  at 
the  meetings,  and  shall  decide  what  papers  or  discussions,  or 
parts  of  the  same,  shall  be  printed  in  the  Transactions  ot  the 
Society.  The  Committee  will  be  expected  to  publish  all  such 
data  as  will  be  of  assistance  to  engineers  or  investigators  in  their 
work.  At  the  end  of  each  fiscal  year,  the  Committee  shall 
deliver  to  the  Secretary  for  presentation  to  the  Council,  a  de^ 
tailed  report  of  its  work. 
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MEMBERSHIP   COMMITTEE. 

B  26.  The  Membership  Committee  shall  consist  of  five  Mem- 
bers or  Associates.  The  term  of  office  of  one  member  of  the 
Committee  shall  expire  at  the  end  of  each  Annual  Meeting.  It 
shall  be  the  duty  of  this  Committee: 

To  meet  monthly  to  receive  and  scrutinize  all  appli- 
cations for  membership  to  the  Society. 
To  send  to  each  voting  member  the  name,  qualifica- 
tions, engineering  experience  and  references  of 
each  applicant,  together  with  extracts  from  the 
Constitution  and  By-Laws  relating  to  member- 
ship. 
To  seek  further  information  as  to  the  qualifications 
of  an  applicant,  whose  evidence  of  eligibility  is 
not  clear  to  the  Committee. 
To  report  to  each  session  of  the  Council  the  names 
of  all  applicants  under  consideration  together 
with  the  action  of  the  Committee  on  each. 
The  Committee  shall  at  once  destroy  all  correspondence  in 
relation  to  each  applicant  when  his  name  has  been  placed  on  the 
ballot  by  order  of  the  Council,  or  upon  the  withdrawal  of  the 
application. 

LIBRARY    COMMITTEE. 

B  27.  The  Library  Committee  shall  consist  of  five  Members, 
Associates  or  Juniors.  The  term  of  office  of  one  member  of  the 
Committee  shall  expire  at  the  end  of  each  Annual  Meeting.  It 
shall  be  the  duty  of  the  Library  Committee  to  take  charge  of 
the  Library  of  the  Society,  the  historical  relics,  the  paintings 
and  objects  of  art,  and  to  recommend  to  the  Council  suitable 
regulations  for  their  care  and  use.  At  the  end  of  each  fiscal 
year,  the  Committee  shall  deliver  to  the  Secretary,  a  detailed 
report  of  its  work. 

HOUSE   COMMITTEE. 

B  28.  The  House  Committee  shall  consist  of  five  Members, 
Associates  or  Juniors.  The  term  of  office  of  one  member  of  the 
Committee  shall  expire  at  the  end  of  each  Annual  Meeting.  It 
shall  be  the  duty  of  the  House  Committee  to  have  the  care, 
management  and  maintenance  of  the  house  of  the  Society  and 
its  furnishings.     They  may  make  rules  for  the  care  and  the  use 
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of  the  Society  House,  subject  to  the  approval  of  the  Council. 
At  the  end  of  each  fiscal  year,  the  Committee  shall  deliver  to 
the  Secretary  a  detailed  report  of  its  work. 

EXECUTIVE   COMMITTEE. 

• 

B  29.  The  Council  shall  appoint  from  its  members  an  Execu- 
tive Committee  to  act  for  the  Council  during  the  interval  between 
its  sessions.  The  Committee  shall  make  a  report  of  its  acts  to 
each  session  of  the  Council  for  approval.  The  Secretary  may 
take  part  in  the  deliberations  of  the  Executive  Committee,  but 
shall  not  have  a  vote  therein. 

« 

NOMINATING   COMMITTEES. 

B  30.  A  Nominating  Committee  of  five  Members,  not  mem- 
bers  of  the  Council,  shall  be  appointed  by  the  President  within 
three  months  after  he  assumes  office.  It  shall  be  the  duty  of 
this  Committee  to  send  to  the  Secretary  on  or  before  October 
first  the  names  of  consenting  nominees  for  the  elective  offices 
next  falling  vacant  under  the  Constitution.  Upon  the  request 
of  any  ileraber  or  Associate,  the  Secretary  shall  furnish  to  the 
applicant  the  names  of  such  nominees. 

B  31.  A  s{Kx;ial  Nominating  Committee  if  organized,  shall, 
on  or  before  October  twentieth,  present  to  the  Secretary  the 
names  of  the  candidates  nominated  by  it  for  the  elective  offices 
next  falling  vacant  under  the  Constitution,  together  with  the 
H'ritten  consent  of  each. 

JOHN   FRITZ   MEDAL   COMMITTEE. 

B  32.  The  John  Fritz  Medal  -Committee  shall  consist  of  three 
persons  of  the  grade  of  Member,  to  be  appointed  by  the  Council. 
The  term  of  office  of  one  memlxjr  of  this  Committee  shall  expire 
at  the  end  of  each  annual  meeting.  The  duty  of  this  Committee 
shall  lie  to  represent  the  Society  in  the  Board  of  Trustees  of  the 
Jolin  Fritz  Medal  Fund  Corporation. 

REPRESENTATIVE   DELEGATES. 

B  33.  The  Council  may  in  its  discretion  appoint  a  member 
or  members  of  the  Society  or  other  person  or  persons  to  repre- 
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sent  it  at  meetings  of  Societies  of  kindred  aim  or  at  public 
functions.  Such  delegates  shall  be  designated  as  "Honorary 
Vice-Presidents,"  and  their  duties  shall  terminate  with  the  occa- 
sion for  which  they  were  appointed. 

TELLERS. 

B  34.  The  Presiding  Officer  shall,  at  the  first  session  of  the 
Annual  Meeting,  appoint  three  Tellers  of  Election  of  officers, 
whose  duties  shall  be  to  canvass  the  votes  cast,  and  report  the 
result  to  the  meeting.  Their  term  of  office  shall  terminate 
when  their  report  of  the  canvass  is  presented  to  the  meeting. 

B  35.  The  President  within  one  month  after  assuming  office 
shall  appoint  three  Tellers  of  Election  of  members  to  serve  for 
one  year,  whose  duties  shall  be  to  canvass  the  votes  cast  for 
members  during  the  year,  and  to  certify  the  same  to  the  Presi- 
dent. They  shall  notify  candidates  through  the  Secretary  of 
the  result  of  such  election. 

B  36.  The  President  shall  appoint  three  Tellers  to  canvass 
any  letter-ballots  which  shall  be  ordered  by  the  Council  or  by 
the  Society. 

MEETINGS. 

B  37.  The  meetings  of  the  Society  shall  continue  from  day 
to  day  as  the  meeting  may  decide.  The  business  session  of  the 
Annual  Meeting  shall  be  held  on  Wednesday  follo^ving  the  first 
Tuesday  of  December.  The  professional  sessions  for  the  reading 
of  papers  shall  be  held  at  such  times  and  places  as  the  meeting 
may  appoint.  Notices  of  all  meetings  of  the  Society  shall  be 
mailed  by  the  Secretary  to  members  of  all  grades  not  less  than 
thirty  days  before  the  date  of  such  meeting. 

8ECRKTARY. 

B  38.  The  Secretary  of  the  Society  shall  be  the  Secretary  to 
the  Council  and  also  to  each  of  the  Standing  Committees. 

The  Secretary  shall,  under  the  supervision  of  the  Finance 
Committee,  have  charge  of  the  Books  of  Account  of  the  Society. 

He  shall  make  and  collect  all  bills  against  members  or  others. 

He  shall  have  charge  of  all  bills  against  the  Society,  shall 
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keep  an  account  of  the  same,  and  shall  present  them  m  proper 
form  to  the  Finance  Committee  for  audit. 

All  funds  received  by  any  person  for  the  Society,  shall  be  de- 
livered to  the  Secretary.  He  shall  immediately  enter  them  in 
the  Books  of  Account,  and  shall  immediately  deposit  such  funds 
as  he  receives,  to  the  credit  of  the  Society,  in  a  Bank  to  be  des- 
ignated by  the  Council. 

TREASURER. 

B  39.  The  Treasurer  shall  make  payments  only  on  the  audit 
of  the  Finance  Committee,  or  upon  the  direction  of  the  Council, 
by  resolution  of  that  body.  He  shall  furnish  a  bond  for  the 
faithful  performance  of  his  duties  to  such  amount  as  the  Council 
may  require,  such  bond  to  be  procured  from  an  incorporated 
Guarantee  Company,  at  the  expense  of  the  Society. 

TITLES,    EMBLEMS,    CERTIFCATE. 

B  40.  Each  Member  and  Associate  shall,  subject  to  such  rules 
as  the  Council  may  establish,  be  entitled  on  request,  to  a  certifi- 
cate of  membership,  signed  by  the  President  and  Secretary  of 
the  Society.  Every  such  certificate  shall  remain  the  property 
of  the  Society,  and  shall  be  returned  to  it  on  demand  of  the 
Council. 

B  41.  Each  proxy  authorizing  a  person  to  vote  for  an  absent 
member,  shall  be  signed  by  such  absent  member,  with  an  attest- 
ing witness,  and  be  submitted  to  the  Secretary  for  verification 
of  the  member's  right  to  vote  at  the  meeting  at  which  the  right 
is  to  be  exercised. 

B42.  The  emblem  of  each  grade  of  membership  approved 
by  the  Council  shall  be  worn  by  those  only  who  belong  to  th<at 
grade.  The  official  stationary  shall  be  used  only  by  Officers 
and  Committees  of  the  Society. 

B  43.  The  abbreviation  of  the  titles  of  the  various  grades  of 
membership  approved  by  the  Society  are  as  follows: 

For  Honorary  Members,     .     .  Hon.  ^[em.  Am.  Soc.  ^L  E. 

For  Members, Mem.  Am.  Soc.  M.  E. 

For  Associates, Assoc.  Am.  Soc.  M.  E. 

For  Juniors, Jun.  Am.  Soc.  M.  E. 
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EULES. 

It  1.  The  Secretary's  office  shall  be  open  on  business  days 
from  9  A.M.  to  5.30  p.m.  During  the  Annual  Meeting,  the  office 
shall  be  open  from  9  a.m.  to  10  p.m.  A  register  shall  be  kept 
for  each  regular  meeting,  to  record  the  attendance  of  members 
and  guests. 

E  2.  The  Secretary  shall  provide  a  numbered  badge  or  pin 
for  each  member  or  guest  attending  the  regular  meetings,  the 
number  on  the  badges  to  correspond  with  the  member's  of 
guest's  number  on  the  register. 

E  3.  The  Secretary  shall  at  each  regular  meeting  of  the  So- 
ciety distribute  at  the  headquarters  a  printed  list  of  the  names 
registered  at  the  meeting. 

E  4.  Copies  of  papers  to  be  read  and  discussed  at  any  meet- 
ing shall  be  sent  to  each  member  thirty  days  in  advance  of  that 
meeting.  A  paper  received  too  late  for  such  distribution  shall 
only  be  accepted  for  presentation  at  that  meeting  by  unanimous 
consent  of  the  Committee  on  Meetings.  A  blank  shall  accom- 
pany the  papers  by  which  a  member  may  signify  his  intention 
to  discuss  any  of  the  papers,  and  priority  in  debate  shall  be  given 
in  the  order  of  the  receipt  by  the  Secretary  of  such  notification. 

E  5.  At  professional  sessions,  each  paper  shall  be  read  by 
abstract  only,  ten  minutes  being  allowed  to  the  author  for  the 
presentation,  unless  otherwise  ordered  by  the  meeting. 

E  6.  A  member  who  has  given  notice  of  his  intention  to  dis- 
cuss a  paper,  and  shall  have  reduced  his  discussion  to  writing, 
shall  be  entitled  to  ten  minutes  for  its  presentation. 

E  7.  Each  speaker  shall  be  limited  to  five  minutes  in  the  oral 
discussion  of  a  paper,  unless  the  time  should  be  extended  by 
unanimous  consent.  A  member  who  has  once  had  the  floor 
cannot  claim  it  again  until  all  the  others  have  been  heard  who 
desire  to  speak  on  that  paper.  Authors  may  have  five  minutes 
to  close  the  discussion  on  the  paper. 

E  8.  Members  unable  to  attend  the  meeting  may  send  a  dis- 
cussion of  any  paper  in  writing,  to  be  presented  by  the  Sec- 
retary. 

E  9.  The  Committee  on  Meetings  shall  deliver  to  the  Secre- 
tary such  papers  as  they  recommend  for  presentation  to  the 
professional  meetings  of  the  Society. 
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R 10.  The  Secretary  shall  have  sole  possession  of  papers  and 
illustrations  between  the  time  of  their  approval  by  the  Commit- 
tee on  Meetings,  and  their  presentation  to  the  professional  session 
of  the  Society. 

R 11.  After  the  presentation  and  discussion  of  a  paper,  a 
copy  of  both  shall  be  sent  to  the  author,  and,  so  far  as  possible, 
a  copy  of  the  reported  discussion  shall  be  sent  to  each  member 
who  presented  it,  with  the  request  that  he  correct  errors  or 
omissions,  and  return  the  same  promptly  to  the  Secretary. 

R 12.  Members  may  order  reprints  of  papers  at  a  price  suffi- 
cient to  cover  the  cost  to  the  Society,  provided  that  said  copies 
are  not  for  sale. 

R 13.  The  Secretary  may  furnish  to  the  author  twenty  copies 
of  his  paper  without  charge.  He  may  also  furnish  to  the  tech- 
nical press  such  papers  in  advance  of  the  meeting  as  they  may 
wish  to  publish  after  presentation  to  the  meeting  of  Society. 

R.  14.  The  entertainments  to  be  provided  for  the  members 
and  guests  at  any  meeting  of  this  Society  in  any  city  shall  be  in 
charge  of  a  Local  Committee,  subject,  however,  to  the  general 
approval  of  the  Committee  on  Meetings. 

R 15.  A  member  may  invite  a  non-member  to  the  profes- 
sional sessions  of  the  meeting,  but  the  guest  shall  not  take  part 
in  the  proceedings  without  an  invitation  from  the  Presiding 
Officer.  Invitations  to  guests  of  members  for  the  entertain- 
ments provided  for  the  Society  shall  be  in  the  discretion  of  the 
Local  Committee. 

R  16.  The  Society  House  shall  be  open  at  all  hours  for  access 
to  members.  The  Library  shall  be  open  on  all  week  days  be- 
tween the  hours  of  10  o'clock  a.m.  and  10  o'clock  p.m.  It  shall 
be  conducted  as  a  Free  Public  Keference  Library  of  Engineering 
and  the  Allied  Arts  and  Sciences. 

R 17.  Juniors  who  were  elected  to  membership  in  the  Society 
lix  years  or  more  previous  to  the  adoption  of  this  Constitution, 
shall  pay  the  same  dues  as  an  Associate,  beginning  with  the 
fiscal  year  which  opens  after  such  adoption.  Juniors,  who  have 
been  elected  less  than  six  years  before  that  date,  shall  pay  the 
does  of  an  Associate  on  the  expiration  of  six  years  after  their 
election. 
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the  house  of  the  Society  and  its  Library,  No.  12  West  Thirty- 
first  Street,  during  the  days  December  1st  to  4th,  1903. 

The  opening  session  was  called  to  order  by  the  President  of 
the  Society,  Mr.  James  M.  Dodge  of  Philadelphia,  at  nine  o'clock 
on  Tuesday  evening. 

It  became  apparent  at  this  first  session  that  the  meeting  was 
to  be  one  of  phenomenal  size  in  the  matter  of  members  in  attend- 
ance, and  the  audience  crowded  the  auditorium  to  listen  to  the 
address  of  the  President. 

After  a  few  words  of  salutation  from  the  Chair,  Messrs.  Lane, 
Tompkins  and  Kern  Dodge  were  appointed  tellers  under  the 
provisions  of  the  Kules,  to  count  the  Officers'  Ballot,  to  be  pre- 
sented at  the  next  succeeding  session,  and  Messrs.  La  Forge  and 
Louer  were  appointed  tellers  to  count  the  letter  ballots  on  the 
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Amendments  to  the  new  Kulcs,  which  were  to  constitute  the 
Constitution,  By-Laws  and  Kules  of  the  Society. 

The  President  then  delivered  his  address,  entitled  "  The  Money 
Value  of  Technical  Training,"  which  appears  as  one  of  the  papers 
of  this  meeting. 

After  announcements  by  the  Secretary  concerning  the  meet- 
ing, a  recess  was  taken  to  partake  of  light  refreshments  served 
in  the  collation  room  and  for  an  informal  reunion  of  members. 

Second  Session.     Wednesday  Morning,  December  2nd. 

The  second  or  business  session  of  the  annual  meeting  was 
called  to  order  at  ten  o'clock  in  the  Hall  of  the  Mendelssohn 
Union,  113  West  Fortieth  Street.  This  step  was  made  neces- 
sary by  the  limited  accommodation  in  the  auditorium  of  the  So- 
ciety, which  compelle<l  a  choice  of  a  larger  meeting  room. 

The  headquarters  for  registration  and  other  executive  business 
was  retained  at  the  house  of  the  Society,  12  West  Thirty-first 
Street. 

The  registration  of  this  session  was  made  noteworthy  by  the 
first  effort  to  combine  the  system  in  use  at  previous  meetings, 
with  the  wearing  of  an  inconspicuous  tag  under  the  lapel  button 
and  number,  which  carried  the  name  of  the  member  so  that  it 
could  be  read  at  short  distances.  It  was  believed  that  by  this 
procedure  the  comparative  awkwardness  of  hunting  up  a  man^s 
name  on  the  printed  register  lists  would  be  removed,  and  the 
social  approach  of  members  to  each  other  would  be  stimulated. 
The  smooth  working  of  the  plan  in  its  tenative  form  justified  the 
experiment,  and  until  further  notice  it  will  be  carried  out.  Up 
to  the  adjournment  of  the  meeting  on  Friday  morning  there  were 
823  names  registered,  of  which  538  were  members.  This  is  the 
largest  enrollment  of  members  in  the  history  of  the  Society. 

The  first  matter  of  business  of  the  session  was  the  presentation 
to  the  meeting  of  the  Annual  Report  of  the  Council  and  Standing 
Committees  of  the  Society. 

These  reports  had  been  printed  and  distributed  to  all  members, 
in  advance  of  the  meeting,  for  their  information;  they  were  read 
by  the  Secretary,  by  title,  and  are  presented  herewith  for  record. 

Some  minor  changes  in  distribution  of  accounts,  in  the  Report 
of  the  accountant,  were  presented  verbally,  but  which  did  not 
alter  the  totals,  merely  detail  of  allotment  of  expemses  to  certain 
accounts. 
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The  Reports  were  as  follows: 

ANNUAL  REPORT  OF   THE   COUNCIL. 
Fiscal  year,  1902-1903. 

The  Council  presents  herewith,  as  required  by  the  Rules  of  the 
»Sociefy,  a  report  of  business  which  has  passed  under  its  hand 
during  the  year  which  closes  with  the  annual  meeting  in  Decem- 
ber, 1903. 

The  most  important  business  of  the  year  has  been  the  an- 
nouncement of  the  munificent  purpose  of  Mr.  Andrew  Carnegie,  a 
member  of  the  Society,  to  give  the  sum  necessary  to  make  adequate 
provision  for  the  accommodation  of  the  four  national  societies 
of  engineers,  in  an  appropriate  building,  and  for  the  Engineers' 
Club  in  another.     Mr.  Carnegie  expressed  his  willingness  to  make 
the  amount  of  his  gift  exceed  a  minimum  of  one  million  dollars, 
if  that  sum  should  be  found  inadequate  to  give  the  accommoda- 
tion required  for  the  present  and  the  future  needs  of  the  organiza- 
tions which  he  named.     The  Council  was  convened  in  special 
session  on  the  afternoon  of  Thursday,  May  7th,  to  consider  the 
simple  proposition  of  Mr.  Carnegie's  letter,  at  which  eleven  mem- 
bers of  the  Statutory  Council,  and  seven  past  presidents  of  the 
Society  were  present.     The  Council  has  made  full  report  to  the 
membership  by  circular  of  the  resolutions  which  were  passed  at 
that  and  a  subsequent  meeting,  concerning  the  Carnegie  gift, 
which  have  been  made  matters  of  official  record  in  the  Trans- 
actions of  the  Forty-seventh  Meeting  at  Saratoga.     The  Council 
has  also  issued  full  bulletins  to  the  members,  which  were  also 
made  part  of  that  record. 

The  four  constituent  societies  named  by  Mr.  Carnegie  have 
appointed  representatives,  and  from  these  representatives  an  Ex- 
wutivc  Committee  has  been  formed,  which  since  the  adjournment 
of  the  Saratoga  Meeting  has  been  formulating  the  details  of  the 
arran^ment  of  the  building,  and  another  sub-committee  has  been 
considering  the  proper  method  for  the  management  and  control 
of  such  a  joint  undertaking. 

The  Report  of  these  committees  will  be  made  public  in  the  near 
future. 

The  Council  has  convened  for  routine  business  at  the  necessary 
iatenrals  during  the  year. 
It  took  favorable  action  at  its  first  meeting  concerning  the 
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issue  of  a  letter  ballot  whereby  the  individual  members  of  th 
Society  might  express  their  opinion  as  to  the  efFect  of  the  adoptio 
of  legislation  making  the  metric  system  compulsory  on  citizens  ( 
the  United  States.  The  result  of  such  ballot,  with  the  expre 
sion  of  such  opinion,  was  reported  at  the  Saratoga  Meeting. 

The  Council  accepted  on  the  first  of  February,  the  resignatic 
of  Mr.  Arthur  L.  Kice,  who  had  been  acting  as  Assistant  to  tl 
Secretary,  and  confirmed  the  engagement  of  Mr.  Louis  A.  Gille 
under  a  different  financial  arrangement. 

The  Council  has  received  communications  during  the  wiaU 
from  members  in  different  cities,  concerning  the  probable  attituc 
which  it  would  take  with  respect  to  the  formation  of  local  chapte 
of  the  Society.  The  Council  has  in  every  case  directed  that  unl 
the  Society  had  taken  official  action  upon  that  provision  in  its  pr 
posed  Constitution,  looking  towards  the  formation  of  sections  ( 
the  Society,  that  it  was  premature  to  open  discussion  on  thei 
details. 

Mr.  C.  J.  H.  Woodbury  of  Boston  had  been  asked  to  represe] 
the  Society  at  a  conference  for  the  revision  of  the  National  Sta: 
dard  Electrical  Rules,  and  as  such  representative  has  furnished 
report  of  the  action  of  the  conference. 

An  arrangement  lias  been  made  with  the  Engineers'  Club  ( 
Philadelphia  whereby  the  privileges  of  the  house  of  that  Clu 
in  Philadelphia,  may  be  enjoyed  by  members  of  the  Americs 
Society  of  Mechanical  Engineers,  and  similarly  that  members  < 
the  Club  may  have  the  privilege  of  use  of  the  house  of  tl 
A.  S.  M.  E.  in  New  York  City,  on  the  presentation  of  the  r 
spective  cards  of  introduction  issued  by  the  two  organizations 
their  respective  members. 

The  Council  has  expressed  the  interest  of  the  Society  in  coope 
ating  with  the  American  Reception  Committee  of  the  Iron  ai 
Steel  Institute  of  Great  Britain  in  their  undertaking  to  provic 
for  a  meeting  in  1904,  of  that  organization,  in  the  United  State 

The  Council  has  acted  favorably  upon  a  request  that  a  pr 
visional  coiniiiittce  should  be  created  to  consider  and  report  up< 
a  tonnage  bapis  for  expressing  the  effectiveness  of  refrigeratir 
machinery,  which  could  be  made  generally  acceptable  as 
standard.  This  Committee  consists  of  Professor  D.  S.  Jacobu, 
Chairman,  Messrs.  E.  F.  Miller,  A.  P.  Trautwein,  G.  T.  Voo: 
hees,  P.  T)e  Catesby  Ball. 

The  Council  has  had  under  consideration  the  invitations  whic 
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bare  beeo  received  from  those  interested  in  the  success  of  the 
Looisiana  Purchase  Exposition  in  St.  Loois,  which  has  urged 
that  the  Sodetv  shall  select  the  Citv  of  St.  Louis  as  a  convention 
citT.  imng  the  summer  of  19<>4,  while  the  exposition  was  in 
progress. 

It  was  the  sense  of  the  Council  that  it  would  be  more  service- 
able if  the  convention  of  that  date  should  be  held  in  a  citv  within 
conTenient  access  by  rail  to  the  exposition  city  rather  than  in  St. 
Li)ttis  itself. 

On  OMnmunicating  this  opinion  to  the  representative  members 
in  the  City  of  Chicago,  111.,  the  outcome  has  been  a  most  em- 
phatic urging  that  Chicago  should  be  fixed  upon  as  the  point  for 
the  spring  convention  in  the  exposition  year.  The  Council  has 
act«I  favorably  on  this  invitation  and  the  City  of  Chicago  has 
J>een  selected. 

It  has  been  further  decideil  by  the  Council  to  avail  of  this  op- 
portunity to  invite  the  Institution  of  Mechanical  Engineers  of 
<»neat  Britain  to  hold  an  American  convention,  and  that  such 
CDflrention  l)e  a  joint  session  with  the  Society  of  Mechanical  En- 
2in«?ers,  at  Chicago,  with  a  view  to  having  such  guests  of  the 
JHKJetj  as  might  come  from  Great  Britain,  within  convenient 
secern  of  the  exposition  city,  upon  the  same  journey  which 
brought  them  to  the  meeting. 

The  invitation  of  the  Council  has  lyevn  conlially  accepted  by 
the  Institution  of  Mechanical  Engineers  of  (ireat  Britain,  and 
the  details  of  such  joint  meeting  are  in  progress.  The  Institu- 
tiiioof  Civil  Engineers  of  (^reat  Britain  was  also  invited  at  the 
sanietime,  but  an  invitation  to  a  similar  joint  meeting  in  Septem- 
^w.  and  its  acceptance  by  the  Institution,  made  it  imj)ossible  that 
•HIT  invitation  to  that  society  should  be  acceptetl  in  any  official 
vav  fi>r  the  month  of  Mav. 

Tbe(*ouncil  directed  that  the  practice  should  prevail  for  the 
pf^went  of  liaving  the  Report  of  the  Society's  accountant  audited 
each  year  by  a  fina  of  public  accountants,  such  as  the  Audit  Com- 
panv  of  New  Ycnrk,  or  similar  com[)etent  authority. 

TheT'ooncil  has  considered  a  re<|Ut»st  tf)  undertake  the  respons- 
ibility of  organizing  the  Section  of  Mixhanical  Engineering  in 
the  sogjyesteil  International  Congress  of  EniriniM^ring,  in  connec- 
tion with  the  St.  Louis  Exposition. 

It  was  the  sense  of  the  Council  aft^^r  discussion,  that  in  the  ab- 
Mceof  a  ^itMigdanand  from  the  profession  itself,  for  the  hold- 
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ing  of  such  a  Congress,  that  it  would  not  be  advisable  that  this 
responsibility  should  be  undertaken.  The  Council  has  decided 
to  maintain  a  headquarters  in  the  gallery  of  Machinery  Hall  of 
the  exposition  buildings  for  the  convenience  and  use  of  members 
of  the  Society  and  its  guests  and  the  necessary  appropriation  has 
been  made  for  the  employment  of  a  suitable  person  to  maintain 
such  headquarters  and  attend  to  the  necessary  clerical  detail  in- 
volved. It  is  proposed  that  such  headquarters  should  be  a  centre 
for  registration  of  members  in  attendance,  and  for  the  dissemina- 
tion of  information  concerning  the  exposition  to  visiting  mem- 
bers, but  that  it  should  not  be  maintained  as  an  exhibit  of  the 
achievements  of  the  profession. 

The  Council,  on  being  advised  of  the  sudden  death  of  Professor 
Robert  H.  Thurston,  the  first  President  of  the  Society  and  serv- 
ing for  two  terms,  from  1880-1882,  has  directed  the  entry  on  its 
minutes  of  a  Memorial  Tribute,  and  that  such  tribute  be  made  a 
matter  of  record  and  presentation  at  the  general  meeting  of  the 
Society. 

The  Council  has  passed  votes  of  thanks  to  Miss  Louisa  Lee 
Schuyler  and  Mr.  W.  A.  Gabriel,  and  others  for  gifts  to  the 
Society  received  during  the  current  fiscal  year. 

The  Council  would  present  for  record  the  list  of  members  who 
have  died  during  the  current  year  as  follows: 

James  Spiers,  August  13,  1902;  W.  W.  Lindsay,  November 
12th;  Thos.  J.  Borden,  November  22d;  George  Leach,  November 
27th;  Geo.  E.  Fulton,  December  4th;  J.  F.  Pajeken,  December 
16th;  P.  F.  Greenwood,  December  22d;  J.  O.  Nixon,  January  3, 
1903;  A.  Christensen,  January  16th;  David  P.  Jones,  January  1, 
1903;  John  Hulett,  January  31st;  Wm.  Harkness,  February  28th; 
Chas.  M.  Day,  February;  Victor  Mackiewicz,  February;  Edward 
A.  Darling,  March  16th;  John  P.  McGuire,  April  17th;  Irving 
M.  Scott,  April  28th;  Elihu  Dodds,  June  10th;  George  Shaw, 
May  28th;  Edward  Graftstrom,  June;  George  S.  Morison,  July 
1st;  Wm.  Garrett,  July  15th;  E.  II.  Messer,  August  12th;  Wm. 
H.  Stratton,  August  13th;  John  Humphrey,  August  24th;  S.  J. 
Googhcgan,  ScpteniLor  7th;  Pulaski  Leeds,  September  8,  1903; 
L.  C.  Crowcll,  September  KUh;  Wm.  P.  Canning,  September  17, 
1903;  J.  Q.  Wric^ht,  October  IGth;  Robert  H.  Thurston,  October 
25,  1903;  Y.  Aisawa,  October,  1903;  Sir  Frcd'k  Bramwell, 
December  1,  1903. 

Pursuant  to  a  desirable  policy  inaugurated  a  year  ago,  the 
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Council  would  call  attention  to  the  report  of  its  Standing  Com- 
mittees covering  the  Society's  work  during  the  year. 

The  Reports  of  the  Library  and  House  Committee,  and  the  Re- 
port of  the  Executive  Conmiittee,  and  of  the  Publication  Com- 
mittee, will  be  self-explanatory.  With  respedt  to  the  Eeport  of 
the  Finance  Committee  the  Council  would  call  attention  to  the 
following  facts  and  deductions  from  that  Eeport : 

Itmt  deduced  from  the  cteeounti  of  fiscal  year  1902-3  showing  the  expense  incurred 
per  member : 

(1)  Total  members  as  per  July,  1903,  catalogue 2,573 

Deduct  for  members  who  have  paid  no  dues: 

Life  members 107 

Deaths  and  resignations 6 

Lapsed  memberships 35 

Members  who  have  not  paid  current  year 
at  September  30, 1903 101—  249 

Pftying  membership,  1902-3 2,324 

(2)  Total  income  exclusive  of  1  per  cent,  from  dues 

carried  to  Library  Development  Fund,  90  per 
cent,  from  initiation  fees,  entire  life  member- 
ship receipts,  carried  to  Reserve  Fund,  and  en- 
tire Sinking  and  Fellowship  Fund, subscriptions 
of  Mechanical  Engineers'  Library  Association . .  $38,662  03 

Income  earned  per  paying  member  (computed).. . .  16  63 

Income  earned   per  paying    member,  dues    only 

(computed) 14  20 

(3)  Total  expense  incurred  year  October  1,  1902,  to 

September  30, 1903,  less  cost  operating  house 
(13,347.54),  mortgage  interest  ($1,402.50), 
repairs  and  renewals  ($644.32),  depreciations 
house  and  furniture  ($481 .45)— $31,773  55: 

(4)  Total  expense  incurred  for  publications,  October  1 , 

1902,  to  September  30, 1903 1 1,956  71 

(5)  Total  expense  incurred  for  salaries  in  Society's 

office  same  period 9,308  55 

(6)  Total  expense  incurred  for  all  other  accounts  except 

house 7,r)0K  26—31,773  55 

(7)  Total  expense  incurred  for  house,  including  interest 

on  mortgage,  repairs  and  renewals  and  depre- 
ciations        5,875  81 

Deduct  income  earned  from  rent  of  sleeping  rooms 

and  hall 2,002  25—   3,873  56 

Net  expense  incurred  for  year $35,647  11 

(Grm  expense,  $37,649.36  less   rental    income 

12,002.25.  equals  $35,647 .  11). 
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Eipaae  incurred  per  paying  mmher,  October  \,  1902,  to  September  90, 1908 

(8)  For  an  purpoees  including  house. $15  33 

(9)  For  house  operation  including  interest  and  repairs...  1  66 

(10)  For  all  purposes  exclusive  of  house. 13  67 

(11)  For  publications,  printers'  work,  engraving, 

binding  and  distribution $6  43 

(12)  For  salaries  in  Society's  office 4  04 

(13)  For  all  other  expenses  except  house 3  20 —      13  67 

(14)  For  house  operation  exclusive  of  mortgage  interest, 

repairs  and  renewals  and  depreciations 57 

(15)  For  house  operation  exclusive  of  mortgage  interest, 

but  including  repairs,  renewals  and  deprecia- 
tions    1  06 

(16)  For  operating  library 31 

(17)  For  postage,  circulars,  catalogues,  and  stationary 

and  printing  in  Society's  office 1  83 

(18)  For  meetings,  and  all  other  expense  not  otherwise 

allotted  above 1  26 

Camparatite  income  earned  with  expense  incurred  per  paying  member: 

Income  earned  from  dues  only,  per  paying 

member,  per  (2)  above 14  20 

Elxpense,  incurred  all  purposes,  per  pa}'ing 

member  as  per  (8)  above 15  33 

(19)  Excess  income  earned  from  dues  only  over  expense 

incurred  ail  purposes  per  pajdng  member 113 
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APPENDES:   I. 

REPORT  OF  THE   PUBLICATION   COMMITTEE. 

To  thi  CouncQ  of  the  American  Society  of  Mechanical  Engineers: 

Gentlemen:  The  Publication  Committee  would  present  the  following  report 
u  work  under  its  direction. 

At  the  close  of  the  fiscal  year,  September  30,  1902,  the  Society  was  under 

obligation  to  its  printer  for  work  ordered  but  not  completed  nor  paid  for,  to  an 

,  amount  of  1597.00.    This  amount  has  been  paid  and  in  addition  the  expenses 

for  binding  and  distribution  of  Volume  XXIII  for  1901-2  have  amounted  to 

12,757.08. 

The  net  cost  of  Volume  XXIII,  was  $10,677.54,  completed,  which  makes 
the  C98t  per  copy  $4 .  10.    The  volume  had  878  pages. 

The  volume  of  Transactions  for  the  current  year  (Volume  XXIV),  containa 
the  Proceedings  of  the  New  York  and  Saratoga  Meetings.  The  selection  of  the 
month  of  June  for  the  meeting  has  made  it  impossible  to  bring  in  as  much  of 
the  expense  of  this  volume  into  the  current  fiscal  year  as  can  be  done  when  the 
meeting  falls  earlier  in  the  year. 

Tlje expense  incurred  for  Volume  XXIV  to  date  amounts  to  $8,656.74  and 
it  l<  estimated  on  prices  furnished  for  completed  work  that  a  further  sum  amount- 
ing to  16,300  will  be  ticHxied  to  complete  this  volume,  making  its  estimated  total 
<t»t  $14,956.74  as  reported  in  sheet  B  herewith. 

Volume  XXrV  will  contain  1 ,560  pages,  which  is  about  a  hundred  pages  more 

than  the  largest  previous  volume  in  the  Society's  history.     Its  cost  has  been 

unusual  by  reason  of  the  very  voluminous  contributions  to  the  discussion  of 

the  metric  system  problem,  and  the  distributions  of  pamphlet  copies  to  all 

voters  in   the  membership.     The  volume  will    contain,   in  addition   to   the 

papers  and  discussions,  the   addresses  which  were  given   at  the  ceremonies 

connected  with  the  unveiling  of  the  Fulton  Memorial  in   December,  1901. 

These  were  omitted  from  their  proper  place  in  the  last  volume  by  reason 

of  the  necessity  imposed  for  reducing  expense  at  that  time.    The  items  which 

make  up  the  expenditure  of  the  Publication  Committee  and  the  totals  under  each 

item,  are  as  follows: 

Ezprnded  for  ivork  to  date  on  volume  xxiv : 

Advance  papers $1 ,301  07 

Revised  papers 1,269  25 

Stenographer's  fees. 276  75 

Engraving 672  49 

Composition  and  electrotyping 4,t342  48 

Binding  extra  copies 259  20 

Postage  and  express. 255  50 

Storage. 280  00 

Total $8,656  74—   $8,656  74 


12  PROCEEDINGS  OF   THE 

Amount  brought  forward 86,656  74 

Estimated  amount  required  to  complete  volume  xxiv  : 

Revised  papers,  Saratoga 900  00 

Compodtion  and  electrotyping 2,400  00 

Binding. 2,300  00 

Distribution  expenses 700  00 

Total  reserved  to  complete  Volume 

XXIV $6,300  00—  $6,300  00 


$14,956  74 

Respectfully  submitted, 

Publication  Committbx. 

APPENDIX   n. 

REPORT  OF  THE  LIBRARY  AND  HOUSE  COMMITTEE. 

To  the  Council  of  the  American  Society  of  Mechanical  Engineers: 

Gentlemen:  The  Library  and  House  Committee  presents  the  following  report 
of  action  during  the  current  year.  This  Committee  is  intrusted  with  the  func- 
tions of  control  both  of  the  House  as  the  headquarters  of  the  Society  and  of  the 
Library,  which  is  housed  within  it. 

I.  The  Library  has  been  open  every  day  between  the  hours  of  10  A.if.  and 
10  P.M. — excluding  Sundays  and  legal  holidays,  except  during  the  months  of 
July  and  August.  By  reason  of  sickness  in  the  Library  staff  the  evening  open- 
ings were  suspended  during  these  months.  The  additions  to  the  library  in  the 
form  of  exchanges  which  have  been  received  as  the  equivalent  of  thd  anmiAl  vol- 
ume of  the  Society's  Transactions  have  amounted  this  year  to  $533.00. 

The  Committee  has  expended  for  the  purchase  of  books,  $130.00,  and  for  bind- 
ing of  periodicals  and  pamphlets  in  exchange  from  other  societies  the  sum  of 
$113.58.  There  remains  a  credit  to  the  Society's  Library  with  the  bouse  of  D. 
Van  Nostrand  &  Co.,  for  Transactions  furnished,  for  which  books  are  to  be  pur- 
chased from  that  firm,  amounting  to  $328.75.  There  is  a  similar  credit  with 
Spon  &  Chamberlain  of  $16.50.  Since  the  last  report  a  year  ago,  visitors  to  the 
Library  have  numbered  1,800,  averaging  six  persons  a  day. 

The  Library  has  received  from  Miss  Louisa  Lee  Schuyler  a  gift  of  interesting 
antiquities  from  the  library  of  her  father,  the  late  George  L.  Schuyler. 

For  the  conduct  of  the  work  in  the  Library,  the  Committee  has  had  the  ser- 
vices of  so  much  of  Mr.  Louis  A.  Gillet's  time  as  could  be  spared  from  his  duties 
as  Assistant  to  the  Secretary  in  other  lines,  and  two-thirds  of  the  time,  including 
evenings,  of  Miss  Thornton,  as  librarian  and  cataloguer  The  manuscript  of 
the  card  catalogue  has  been  supplemented  and  extended  as  far  as  the  book  tities 
are  concenied,  and  the  Committee  hope  in  the  near  future  to  issue  a  Library 
catalogue  in  printed  form  for  distribution. 

On  account  of  the  expense  involved  this  has  not  been  done  up  to  the  present 
time.  The  number  of  volumes  in  the  Library  at  the  date  of  this  report  is  as 
follows: 

Books 8.500 

Pamphlets 3,000 
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The  appraisal  reports  published  on  page  19  and  20,  of  Volume  XXIV,  made  the 
nJue  of  the  Library,  $10,000;  the  present  book  valuation  is,  $10,979.52.  This 
is  bfued  on  the  additions  of  new  books,  and  without  making  allowance  for  any 
depredation. 

n.  During  the  fiscal  year  the  Council  appropriated  for  the  needs  of  the  house 
the  sum  of  $5,822.50.  The  net  expense  incurred  under  this  approf)riation  has 
beenaafc^ows: 

For  operating  expenses $3,347  54 

For  interest  on  mortgage 1,402  50 

For  repairs  and  additions 644  32 

Total $5,394  36 

This  is  about  $200.00  in  excess  of  last  year,  which  is  mainly  to  be  attributed  to 
the  falling  due  of  long  term  insurance  premiums,  and  to  increased  expenditure 
for  necessary  furniture.  The  cost  of  fuel  also  this  year  is  in  excess  of  a  year  ago. 
The  figures  in  the  financial  report  include  credits  on  House  Account,  which  are 
Dot  induded  in  the  above  totals. 

The  receipts  on  account  of  room  and  hall  rentals  for  the  year  have  aggregated 
$2,002.25.  The  total  expense  of  operating  the  house,  exclusive  of  interest 
fharjjea  on  mortgage,  repairs  and  renewals  and  depreciations  has  been  $3,347.54. 
Subtracting  the  receipts  makes  the  net  expense  of  operating  the  house, 
11,345.29,  and  the  total  expense,  including  interest  on  mortgage,  repairs  and 
pwifwals,  and  depreciations  but  excluding  an  interest  on  the  value  of  the 
^fyt  $5^75.81.  The  expense  incurred  in  detail  for  the  house  has  been  as 
foOowa: 

Interest  on  mortgage $1 ,402  50 

Gas  and  electric  light 428  40 

Fuel 302  50 

Janitor's  supplies 195  60 

Laundry 407  32 

Insurance 155  63 

Repairs  and  Renewals,  house 298  76 

Repairs  and  Renewals,  furniture 345  56 

Wages 1,740  00 

Incidentals 118  09 

Total  exclusive  of  depreciation $5,394  36 

Depreciations 481  45 


$5,875  81 


'^  Rouse  Committee  employs,  for  the  conduct  of  the  house  and  hbrary  ad- 
Biiiustration,  a  janitor  and  his  wife  (at  $60  per  month),  and  has  the  services  for 
part  of  his  time  each  day,  of  a  man  whose  other  duties  attach  to  the  work  of  the 
Secretary's  office. 

The  auditorium  has  been  used  during  the  year  for  some  of  the  meetings  of  the 
hatitute  of  Electrical  Engineers,  but  that  organization  has  outgrown  the  limited 
capAcity  of  the  hall,  and  expects  to  make  other  arrangements  tor  the  future. 
Thtt  aame  difficulty  has  arisen  as  to  the  acconmiodation  of  the  New  York  Rail- 
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road  Club.  The  societies  meeting  regularly  in  our  auditorium  now  an 
Society  of  Naval  Architects  and  Marine  Engineers,  the  American  Socic 
Heating  and  Ventilating  Engineers,  the  Society  of  Municipal  Engineers 
a  few  smaller  bodies.  A  session  of  the  Institute  of  Mining  Engineers  wai 
here  in  the  autumn. 

The  Committee  has  considered  offers  for  the  House  and  Lot  at  No.  12 
Thirty-first  Street,  ranging  between  ninety  thousand  and  ninety-five  thoi 
dollars,  in  view  of  the  inconvenience  which  would  be  entailed  by  present  rei 
from  the  Society  House,  and  in  view  of  the  expected  rise  in  value  of  the  pro 
during  the  period  which  must  elapse  before  the  Carnegie  building  is  comp 
the  Committee  has  reported  against  the  acceptance  of  these  proposition; 
has  not  been  thought  advisable  to  raise  the  appraisal  value  on  the  bw 
the  Society. 

The  Committee  believes  that,  from  the  location  of  the  house  and  from  the  c 
ing  character  of  the  street  (which  is  becoming  more  and  more  a  business  ce 
the  value  of  its  holding  will  increase  as  the  date  of  the  completion  of  the  '. 
sylvania  Terminal  at  Seventh  Avenue  draws  nearer. 

Pursuant  to  the  direction  of  the  Council  that  one  per  cent,  of  the  total  ii 
from  dues  should  be  laid  aside  and  reserved  for  the  extension  of  the  Librar 
Committee  calls  attention  to  the  fact  reported  in  the  Financial  Statement 
the  one  per  cent,  for  the  current  year  amounts  to  $319.39.  This  sum  ha£ 
deposited  in  the  Institution  for  the  Savings  of  Merchants*  Clerks  in  New 
City,  to  be  drawn  upon  by  the  Society,  and  will  be  drawing  interest  until 
demand  is  made. 

Respectfully  submitted, 

LrBBARY  AND  HoUSE  COMMTTTEl 


APPENDIX   III. 

REPORT  OF  THE  EXECUTIVE  COMMITTEE. 

To  the  Council  of  the  A  merican  Society  of  Mechanical  Engineers: 

Gentlemen:  The  Executive  Committee  of  the  Council  has  special  ove 
of  those  expenditures  through  the  Secretary's  office,  and  other  channels 
do  not  attach  tlieniselves  directly  to  the  work  of  any  of  the  stated  comm! 
The  items  which  fall  under  the  headings  of  such  expenditure  for  the  ci 
year  exclusive  of  salaries,  are  grouped  in  the  following  statement  with  the  ann 
attaching  to  each. 

Expense  incurred  /or : 

Certificates  and  introduction  cards $179  11 

Badges,  distnbution  and  repairs 32  17 

Circulars 1,863  02 

Meetings 924  92 

Catalogues 1 ,696  86 

Office  accounts,  excluvsive  of  salaries 1,687  00 

The  account  "certificates  and  introduction  cards"  covers  the  expen* 
for  printing,  engrossing  and  distribution  of  the  diplomas  of  membership,  ai 
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i&trodactioD  cards  which  are  given  by  this  Society  to  memberB  when  their  initia- 
tkm  fees  are  paid.  The  badge  account  is  the  expenditure  connected  with  die- 
UibutioQ  only,  linoe  the  badge  itself  is  billed  to  the  member  at  the  jewelers' 
pnc6. 

Under  the  bead  of  circulars  the  expenditure  is  grouped  into  three  heads. 
What  are  known  aa  "admission  drculars"  cover  application  blanks,  the  con- 
fidential inquiries,  announcements  of  election  and  the  like,  and  have  amounted 
to  1580.73.  The  drculars  in  connection  witli  meetings  are  the  notices,  pro- 
grams, registers  of  members  in  attendance  and  the  like,  but  does  not  cover  any 
expense  connected  with  the  professional  papers.  The  total  this  year  is  $595.23. 
Under  general  circulars  are  all  others  which  do  not  fall  into  either  of  the  other 
groups.  The  total  this  year  is  S6S7.06,  and  is  much  larger  than  usual  by  reason, 
first  of  the  expenses  of  printing  the  draft  of  the  Constitution,  By-laws  and  Rules 
for  the  use  of  the  Committee,  and  for  distribution  to  the  members,  together  with 
lome  extra  and  unusual  printing  in  connection  with  the  expresaon  of  opinion 
which  was  ordered  concerning  compulsory  legislation  on  the  Metric  System. 

The  Employers'  Bulletins  issued  this  year  have  been  four  in  number,  and  are 
included  under  this  heading. 

Under  the  heading  of  "Meetings"  fall  the  expenses  in  connection  with  the 
two  seoii-annual  meetings,  outside  of  the  printing  and  circulars.  Such  expenses 
this  year  have  amounted  to  $613.20.  In  addition  under  the  Committee's  care 
have  been  the  monthly  reunions  of  members  in  New  York  City,  directed  by  the 
Council,  for  which  the  expenditure  has  been  $311.72.  There  were  four  of  these 
neetinf^  held  during  the  months  of  January,  February,  March,  and  April. 
The  topics  were: 

"The  Steam  Truck  for  Heavy  Duty,"  "The  Pich  Process  for  Brazing  Cast- 

Iroo,"  "Varnishes,"  and  the  "Turbine  as  a  Recorder  of  the  Flow  of  Streams." 

The  paper  by  Mr.  Allen  on  the  Turbine  has  been  published  in  the  TraruacHona. 

The  meeting  at  which  the  paper  on  Steam  Trucks  was  presented  was  the  most 

fully  attended. 

Under  catalogues  is  included  the  expenses  for  composition,  press  work,  paper, 
and  postage,  of  the  two  issues  of  the  catalogue.  By  direction  of  the  Council, 
these  issues  were  both  made  this  year  in  the  standard  size,  and  the  "vest  pocket 
•dltioQ"  was  discontinued.  In  the  July  edition  a  "geographical  finding  list" 
was  incorporated,  and  will  be  continued  as  a  feature  of  the  catalogues  as  issued 
in  the  future.  Under  the  heading  of  "Office  Accounts"  are  included  stationary, 
postage,  telegraph  and  telephone,  office  supplies  and  incidentals.  It  will  be 
apparent  that  this  group  of  accounts  under  the  Executive  Committee  will  vary 
with  the  fliie  of  the  Society,  and  the  amounts  will  increase  with  the  Society's 
growth. 

The  Committee  would  report  certain  changes  under  its  direction  in  the  matter 
of  aaUries  paid  in  the  Secretary's  office.  It  has  made  arrangements  whereby  the 
•alary  paid  to  the  Assistant  to  the  Secretary  shall  be  at  the  rate  of  $1,500  for  Uie 
irst  year,  with  an  increase  of  $100  a  year  to  a  limit  of  $2,000.  In  recognition  of 
tfae  services  to  the  Society  rendered  by  the  accountant,  and  their  increasing  re- 
ipoQsilnlity  as  the  Society  ineresses,  and  the  amount  of  income  which  must  pass 
^iawffi  his  hands,  the  Conunittee  have  recommended  that  the  salary  of  his 
poiitioD  be  placed  at  $2,400  a  year. 

T1»  great  increase  in  the  size  of  the  Society,  and  the  volume  of  business  to  be 
tnaaaefted  in  its  offices,  has  made  it  necessary  to  add  to  the  force  of  stenographers, 
«  Utat  a  capable  stenographer  and  typewriter  should  be  available  for  clerical 
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work,  in  addition  to  the  requirements  of  the  correspondence.  These  changes 
have  been  made  at  different  times  during  the  year,  so  that  the  total  of  aalaries 
is  different  this  year  from  what  it  will  be  hereafter  when  the  fuU  yeariy  rate 
is  to  be  reported.    The  expenditures  for  this  year  are  as  follows: 

Secretary S3,600  00 

Assistant  to  Treasurer  and  accountant. 2,300  02 

Asostant  to  Secretary— 4]  months $950  00 

Assistant  to  Secretary— 7i  months 928  5a—  1378  53 

Stenographer. 780  00 

Assistant  Stenographer— 1  month 30  00—     810  00 

Mail  clerk 720  00 

$9^06  55 
Respectfully  submitted. 

Executive  CoififiiTVB. 
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At  the  conclusion  of  the  presentation  of  these  reports,  and  some 
questions  and  explanations  concerning  them,  the  Chair  called  on 
Mr.  Charles  Wallace  Hunt,  representative  of  the  Society  on 
the  Joint  Committee  intrusted  with  the  consideration  of  the 
proposition  from  Mr.  Andrew  Carnegie  to  present  a  building  to 
the  profession  of  Engineering,  for  the  joint  uses  of  the  societies. 

The  statements  made  by  Mr.  Hunt  have  been  embodied  in  a 
separate  report,  which  is  made  an  appendix  to  these  minutes,  and 
to  which  members  are  referred. 

The  President  then  called  for  the  reports  of  the  Tellers,  next  in 
order.    There  were  three  groups  of  these  reports. 

The  Tellers  of  members  presented  the  following  report: 

REPORT   OF   TEH.ERS. 

The  undersigned  were  appointed  a  Committee  of  the  Council  to 
to  act  as  tellers,  under  Artile  11  of  the  Rules,  to  scrutinize  and 
count  the  ballots  cast  for  and  against  candidates  proposed  for 
membership  in  their  several  grades  in  the  American  Society  of 
Mechanical  Engineers,  and  seeking  election  before  the  XLVIIIth 
Meeting,  New  York,  1903. 

They  have  met  on  the  designated  day  in  the  office  of  the  Society 
and  have  proceeded  to  the  discharge  of  their  duty.  They  would 
certify  for  formal  insertion  in  the  records  of  the  Society  to  the 
election  of  the  following  persons,  whose  names  appear  to  the  ap- 
ixjnded  list  in  their  several  grades. 

There  are  58  members  elected,  15  associates,  and  46  juniors, 
making  a  total  increase  of  119  names. 

There  were  567  blue  ballots  cast  of  which  12  were  thrown  out 
because  of  informalities.  The  tellers  have  considered  a  ballot  as 
informal  which  was  not  endorsed. 

C.  W.  Hunt,     )  ^  i,v    v 

Fou  Membkrs. 

Aiken.  ChMS,  W.  Colwell,  J.  Van  V.  Foucard,  M.  L. 

Albert,  Otto  Conrad,  E.  B.  Gardner,  Thos.  M. 

Albright.  H.  F.  Cooke,  Fred  W.  Gilbreth.  Frank  B. 

Allen,  Benj.  T.  Donnelly,  Wm.  T.  Goddard,  A.  L. 

Wifk.  Edward  S.  Duncan,  J.  D.  E.  Gray,  Kiel,  Jr. 

fUoombergr,  J.  H.  Edgar,  Ellis  F.  Greene,  F.  S. 

Bwim.  Hugh  T.  Ellicott,  Edw.  B.  Grossman  Albert 

(tree,  Jno.  B.  Fleming,  H.  S.  Harper,  I^wis  E. 

Child,  E.  T.  Polger-Osborne,  Q.  F.  Harrington,  Jno.  L. 
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Harrington,  Norman  T. 
Hay  ward,  S.  F. 
Helander,  A.  H. 
Hess,  Howard  D. 
Howe,  Albert  W. 
Hulett,  Geo.  H. 
Ingersoll,  Geo.  T. 
Johnson,  Werner 
Knox,  Luther  L. 
Lincoln,  Robt.  B. 


Lindstrom,  N.  0. 
MacDonald,  D.  H. 
Merry  weather,  Geo.  E. 
Mix,  Edgar  W. 
Moore,  A.  B. 
Moore,  Wm.  E. 
Pattison,  F.  A. 
Peirce,  Arthur  W.  K. 
Pritchard,  W.  8. 
Quirk,  Wm.  M. 
Reid,  Marcellus 


Rickey,  Walter  J. 
Robinson,  Frank  H. 
Shepard,  Geo. 
Shepard,  Tx)uis  A. 
Sprado,  Carl  G. 
Stebbins,  Theo. 
Street,  Edgar  L. 
Tandy,  Harry 
Warg,  Robert 
Waterman,  Charles 


For  Promotion  to  Full 


Allan,  Percy 
Astrom,  J.  I. 
Berg,  Hart  O. 
Blood,  Jno.  Balch 
Bunnell,  S.  H. 
Dollar,  Wm.  M. 
Ducommun,  Edward 


Ekstrand,  Charles 
Fernald,  Robt.  H. 
Hoffman,  James  D. 
Jaquays,  H.  M. 
Kellemen,  H.  F: 
Kirk,  Robt.  H. 
Malvern.  L.  K. 
Morrow,  Percy  C. 


MEMBERSniP. 

Parker,  Charles  H, 
Powell,  Emery  H. 
Rusbmore,  David  B. 
Smith,  Harry  E. 
Stanley,  A.  W. 
Stevens,  Alfred  H. 
Trowbridge,  Amasa 


Aldcom,  Tiioraas 
Bell,  Jno.  E. 
Caldwell,  J.  R. 
Dornin,  Geo.  A. 
Holz,  Fred.  II.,  Jr, 


For  Associates. 

Lnuer,  C.  N. 
Losclier,  A.  P. 
Nichols,  William  W. 
Peck,  Chas.  B. 
Pell,  David  W. 


Ransom,  Allan 
Saldana,  E.  E. 
Saunders.  E.  VV. 
Umstead,  C.  H. 
Waddell.  Chas.  E. 


Bateman,  Edw.  L. 


FoK  Promotion  to  Associate. 

Finley,  A.  D.  Streeter,  L.  P. 


Anderson,  II.  B. 
At  wood,  Geo.  D. 
Bailey,  Ervin  G. 
Barlow,  E.  S. 
Bennett,  Geo.  G. 
Berliner,  R.  W. 
Bougliton,  J.  II. 
Brown.  E.  H. 
Case,  Albert  II. 
Chatard,  Wm.  M. 
Col  well,  (has.  A. 
Coombs,  II.  A. 
Drovfus,  Tlioo.  F. 
Ehrmann,  Jno.  V. 
Harvey,  Rich.  P. 


For  Juniors. 

Ilawley,  Wm.  P. 
Ilelnies,  M.  J. 
Ilenps,  L.  G. 
Howlett,  Lewis  (i. 
Jones,  Jarrard  E. 
Jordan.  Wm.  A. 
Jump,  E.  P. 
Kasson,  H.  S. 
Kalzenatein,  M.  L. 
Kl(?in,  A.  W. 
Kleiiiljuiis.  Frank  B. 
Lowe,   Ilciirv  L. 
Moran,  II.  P. 
Morison.  (ieo.  A. 
Morrison.  Hunter 
Pettit,  Frank 


Pitkin,  Jos.  L. 
Reis,  Leslie  R. 
Richards,  W.  A. 
Rossberg,  Chas.  A, 
Schuelz.  Fredk.  F. 
Springer,  Jno.  J. 
Staples,  II.  A. 
Stevens.  Robt.  H. 
Stone,  Thos.  W. 
Thatcher.  R.  P. 
Wosterfield,  (Jeo.  S. 
AVotten^H,  C.  All>ert 
Whitteniore,  H.  L. 
Wilson,  Henry  D. 
Woldenberg,  I. 
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The  report  required  no  action  and  was  ordered  on  file. 

The  tellers  to  count  the  letter-ballot  concerning  the  adoption 
of  the  proposed  Constitution,  By-Laws  and  Kules  in  the  form 
favorably  acted  on  by  the  Saratoga  Meeting,  presented  their  re- 
port as  follows : 

REPORT   OF    TELLERS    APPOINTED    TO   COUNT   THE    BALLOTTS    CAST   ON 
THE    PROPOSED    AMENDMENTS    TO   THE    RULES. 

The  Committee  of  Tellers  appointed  to  count  the  ballots  cast  by 
members  for  and  against  the  adoption  of  the  Constitution,  By- 
Laws  and  Rules,  as  reported  by  the  Committee  on  Revision  of  the 
Rules  and  Methods,  begs  to  submit  the  following  report: 

Totil  ballots  cast 448 

Btllots  thrown  out  unsigned 4 

"        **   signed  bj  rubber  stamps 2 

Other  informal  ballots 0 

Total  informal  ballots  excluded 6 

Total  ballots  counted  by  tellers 442 

Of  the  regular  ballots  so  counted  by  the  tellers,  they  would  re- 
port the  following  results: 

Id  ftTor  of  adoption  of  said  Constitution,  By-Laws  and  Rules 487  ballots 

Agtiiu«t  the  adoption  of  said  Constitution,  By-Laws  and  Rules 6      ** 

Total 442      *' 


Our  count,  therefore,  shows  that  the  Constitution,  By-Laws  and 
Kules,  as  submitted  at  the  Saratoga  Meeting,  1903,  is  adopted  by 
the  vote  of  the  membership. 

Respectfully  submitted, 

C.  Loi:kk,  \  Telkrs  of  Flechan, 

On  presentation  of  this  report,  under  the  provisions  of  the 
new  Constitution,  the  new  Constitution,  Ry-Laws  and  Rules 
went  into  effect  on  the  announcement  of  the  president  of  the 
fomial  vote. 

Tlie  tellers  of  election  of  officers  presented  their  report  as  fol- 
lows: 

REPORT   OF   TKLLKIW. 

The  Committee  of  Tellers  appointed  to  count  the  ballots  cast  by 
the  members  for  officers  of  the  American  Society  of  Mechanical 
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Engineers,  for  the  year  1903-1904,  begs  to  submit  the  following; 
report: 

Total  ballots  cast 702 

Ballots  thrown  out  unsigned 28 

**  **        **   signed  with  rubber  stamps 0 

Other  informal  ballots  (scratched) 21 

Total  informal  ballots , 28 

Total  ballots  ccmnted  by  tellers 702 

Of  the  regular  ballots  counted  by  the  tellers,  they  would  report> 
the  following  result: 

For  President. 

Ambrose  Swasey,  Cleveland 676 

Scattering — 

For  Vice-Presidents, 

D.  S.  Jacobus,  Hoboken,  N.J 674 

M.  L.  Holman,  St.  Louis,  Mo ^  .,  .669 

Wm.  J.  Keep,  Detroit,  Mich 


For  Managers, 

Ceorge  I.  Rock  wood,  AVorcester.  Mass 672 

John  VV.  Lieb,  Jr.,  New  York  City 678 

A.sa  M.  Mattice,  Pittsburg,  Pa 674 

Scattering ....       1 

For  Treasurer, 
Wm .  H.  Wiley,  New  York  City 677 

Our  count  shows,  therefore,  election  of  Mr.  Swasey  for  Presi- 
dent; Messrs.  Jacol)us,  Hohiian  and  Keep  for  Vice-Presidents; 
Messrs.  Rockwood,  Licb,  and  Mattice  for  Managers.     Mr.  Wiley 

for  Treasurer. 

liesj^ectfuUy  submitted, 

Kkrx  Dodge,         ) 

H.  M.  Lane,         \  Tellers  of  Election. 

S.  D.  ToMrKiNs,  ) 

At  the  conclusion  of  its  reading  by  the  Secretary,  the  President 
re(|uested  Professor  Sweet,  a{)poiiited  a  si)ecial  committee  for  this 
puri)oso,  to  escort  the  President-elect  to  the  platform. 

Mr.  Ambrose  Swasey  was  then  greeted  by  the  President  and 
in  a  few  words  of  recognition  and  greeting  spoke  of  his  pleasure 
at  the  honor  conferred.  He  took  his  seat  on  the  platform  at  the 
side  of  the  presiding  officer. 
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The  President  then  called  for  the  regular  order  of  business  of 
the  session. 

Professor  H.  W.  Spangler  presented  the  report  of  the  com- 
mittee of  which  he  was  chairman,  covering  the  proposed  Stand- 
ard Specifications  for  Steel  Forgings,  Steel  Castings  and  Boiler 
Plate. 

This  report  was  discussed  by  Messrs.  Henning,  Lanza,  CaqDen- 
ter,  Randolph,  Kent,  Dingee,  Flint  and  Bement. 

At  the  close  of  the  debate  on  professional  questions,  Mr.  James 
Christie  moved  that  the  Report  of  the  Committee  be  referred  to 
Committee  No.  1  of  the  American  Association  for  Testing  Ma- 
terials. 

This  motion  being  duly  seconded  was  passed.  The  report  and 
discussion  appears  as  one  of  the  papers  of  this  meeting. 

Mr.  H.  II.  Suplee  referred  to  the  increasing  collection  of  ma- 
terial of  value  in  the  Library  of  the  Society,  and  that  in  his  in- 
vestigations as  to  the  very  early  history  of  some  of  the  trans- 
atlantic societies  of  engineers  it  had  come  to  his  notice  that  their 
eariy  records  were  very  meagre.  By  the  death  of  those  familiar 
with  this  early  history,  these  early  records  had  become  unattain- 
able, and  that  while  there  was  a  very  excellent  account  of  the 
formation  of  this  Society  in  the  second  edition  of  Volume  I  of 
the  Transactions,  there  is  also  a  considerable  amount  of  material 
now  e.xtant  in  the  form  of  recollections  of  interested  members 
which  would  in  time  become  unavailable. 

Mr.  Suplee  suggested  that  the  Chair  appoint  a  committee  to 
examine  the  records  of  the  Society  and  prepare  such  formal  mem- 
orial covering  its  property  and  curiosities,  as  well  as  recollections 
of  its  early  history,  which  should  appear  either  in  routine  form 
of  the  Transactions,  or  separately,  as  may  be  thought  best,  with 
the  particular  view  of  having  this  material  available  for  the 
twenty-fifth  anniversary  of  the  Society,  which  would  occur  within 
two  Years. 

Mr.  Charles  Wallace  Hunt  in  seconding  this  motion  spoke  of 
the  portrait  of  John  Ericsson,  with  a  very  interesting  history, 
and  the  table  of  Robert  Fulton's,  and  that  in  his  opinion  such  a 
memorial  record  would  be  a  most  interesting  and  useful  record, 
especially  to  the  younger  members  of  the  Society. 
The  question  was  put  by  the  President  and  carrio<l. 
The  Chair  subsequently  appointed  l^Iessrs.  John  E.  Sweet, 
Chas.  Wallace  llunt  and  H.  II.  Suplee. 
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Professional  papers  were  then  taken  up  for  the  remainder  c 
the  morning: 

"  Is  Anything  the  Matter  with  Piece  Work  "  ?  by  Mr.  Fran  J 
Richards;  paper  by  II.  L.  Gantt  on  "  Modifying  Systems  of  Mara 
ageraent ",  and  by  Prof.  John  E.  Sweet  on  *'  What  are  the  K"ev« 
*  Machine  Tools  to  be  "  ?  The  participants  in  debate  were  Messnr- 
H.  L.  Gantt,  Oberlin  Smith,  Bates,  Fred  W.  Taylor,  Balkwill^ 
DuBrul,  Emerson,  Parker,  Riggs,  Fairfield,  Ilenshaw,  an(i 
Schneble. 

The  Secretary  made  some  announcements  and  a  recess  was 
taken  until  the  morning  of  Thursday,  December  3rd,  at  the  Stev- 
en's Institute  of  Technology,  Iloboken,  at  10:30. 

Wednesday  Afternoon. 

For  this  afternoon  the  stations  of  the  Interurban  Street  Rail- 
way Comi)any  at  Ninety-third  Street,  the  Manhattan  Elevated 
Railway  Company  at  Seventy-fourth  Street,  and  the  Waterside 
Station  of  the  Now  York  Edison  Company  at  Thirty -eightL 
Street,  on  the  east  side  of  the  city,  were  open  to  members. 

The  members  were  assembled  at  luncheon  in  the  auditorium  oi 
the  Society  1  louse,  and  parties  were  made  up  for  the  visit  to  these 
various  points. 

No  assignment  was  made  for  the  evening  of  Wednesday  with 
a  view  to  leaving  tlie  visitors  free  to  avail  themselves  of  the  op- 
portunities of  the  city  in  musical  and  dramatic  lines. 

Third  Session.     Tiilrsday  Morning,  December  3rd. 

By  invitation  of  the  President,  Trustees  and  Faculty  of  the 
Stevens  Institute  of  Technology,  the  session  this  morning  waa 
held  in  the  auditorium  of  the  Institute  in  its  main  building. 

The  session  was  called  to  order  at  half-past  ten,  Avith  President 
Dodge  in  the  chair.  The  following  professional  papers  were 
taken  up: 

W.  B.  Gregory,  "  The  Pitot  Tube  " ;  F.  B.  Perry,  "  Method  oi 
Determining  Rates  and  Pric(»s  for  Electric  Power";  D.  S.  Jaco- 
bus, ''  Tests  of  a  Compound  Engine  Tsing  Superheated  Steam"; 
E.  F.  Miller,  ''Tlie  Pressure  Temperature  Curve  of  Sulphurous 
Anhydride  (SOo)'';  Benj.  T.  Allen,  *' Construction  and  Effici- 
ency of  a  Fleming  Four- valve  Engine";  C.  G.  Barth,  ''Slide 
Rules  for  the  Machine  Shoj)  as  a  Part  of  the  Taylor  System  of 
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Management " ;  and  the  paper  by  Mr.  F.  A.  Scheffler  on  ''  Sugges- 
tions for  Shop  Construction."  The  participants  in  debate  on' 
these  papers  were  Messrs.  Ennis,  Ileisler,  Suplee,  Carpenter, 
Rockwood,  Kent,  Kerr,  Seymour,  Wheeler,  Moss,  Rice,  Child, 
(toss,  Cluett,  and  R.   S.  Hale. 

At  the  close  of  the  meeting  the  members  were  divided  into  two 
groups,  one  of  which  took  luncheon  in  the  Carnegie  Laboratory, 
and  the  other  was  escorted  by  guides,  from  the  Institute  students, 
through  the  laboratories  and  equipment  of  the  Institute. 

On  completion  of  their  tour,  this  group  was  entertained  at 
luncheon,  and  at  half -past  two  the  members  re-assembled  in  the 
auditorium  to  listen  to  a  most  interesting  and  striking  presenta- 
tion of  the  properties  of  oxides  of  aluminum  in  producing  intense 
local  heat  sufficient  to  melt  masses  of  considerable  size,  such  as 
rails,  flanges  and  the  like.  The  most  striking  example  was  the 
melting  of  a  piece  of  pipe. 

Dr.  Goldschmidt  gave  to  his  lecture  the  title  of  Alumino  Ther- 
mics. 

In  the  evening  the  usual  reception  to  the  visiting  members  was 
tendered  by  the  New  York  members  of  the  Society,  at  Sherry's, 
Fourty-fourth  Street  and  Fifth  Avenue,  New  York  City. 

The  reception  line  included  President  Dodge  and  Mrs.  Dodge, 
President-elect  Swasey  and  Mrs.  Swasey.  Over  600  persons  were 
in  attendance  and  dancing  was  kept  up  until  a  late  hour. 

Firm  Session.     Friday  Morning,  Decemijer  4th. 

The  closing  session  of  the  convention  was  called  to  order  in 
the  auditorium  of  the  Society,  12  West  Thirty-first  Street,  at  ten 
o'clock.  The  following  professional  paj^ers  were  taken  up  and 
discussed:  By  C.  II.  Morgan,  entitled  ''A  (^ompact  Gas  Engine — 
IteaniType'";  ''Standard  Unit  of  liefrigeration ",  by  J.  C. 
Itertsch:  **A  Series  Distilling  Apparatus  of  High  Efficiency", 
hy  Prof.  W.  F.  M.  Goss;  ''Air  Motors  and  Air  Hammers,  Ap- 
paratus and  Methods  for  Testing'",  by  Max  II.  Wickhorst; 
**  Valve  Motion  of  Duplex  Air  Compressor",  by  S.  H.  Bunnell. 
Tlie  |)artici pants  in  debate  on  these  {)apers  were  Messrs.  Ilobart, 
^^oplee,  Jacobus,  \oorhees,  Bunnell,  Shipley,  lieeve,  Magruder, 
Kent,  Thwait,  Morse,  ITehling  and  Jones. 

At  the  close  of  the  professional  papers  the  President  announced 
that  new  or  executive  business  was  in  order. 

The  Secretary  by  direction  of  the  ('ouncil  presented  the  follow- 


32  PROCEEDINGS  OF  THE 

ing  tribute,  prepared  by  Messrs.  John  E.  Sweet,  Robert  W. 
Hunt,  and  John  Fritz,  a  special  committee  of  the  Council  and 
which  that  body  had  directed  should  be  read  in  the  general 
meeting. 

A  TRIBUTE  TO  DOCTOR  THURSTON. 

Sudden  death  lias  called  from  us  our  first  President, 

Doctor  Robert  II.  Thurston, 

the  one  of  all  best  known  to  us  through  his  work  for  the  Society; 
the  one  of  all  best  known  in  technical  education,  and  the  one  of 
all  best  known  to  engineers  of  the  world. 

His  name  will  last  as  long  as  this  Society  lasts,  and  we  who 
knew  knew  him  best  will  hold  his  name  in  loving  remembrance 
as  long  as  we  live.  We  mourn  him,  and  to  his  wife  and  children, 
to  whom  his  loss  is  so  much  greater,  we  extend  our  sincere  sym- 
pathy. 

God  has  called  to  Himself  one  of  his  noblemen;  the  peer  of  his 
associates  and  a  model  for  the  young  men  of  America. 

It  is  such  as  he  who  makes  life  worth  living.  Remembering 
his  greatness,  let  us  try  to  emulate  his  virtues. 

(Signed)  John  E.   Sweet, 

Robert  W.  Hunt, 
John  Fritz. 

The  Secretary  also  reported  that  during  the  meeting  he  had 
been  advised  of  the  death  of  Sir  Frederick  Joseph  Bramwell, 
D.C.L.,  L.LI).,  F.R.S.,  Honorary  Member  of  this  Society  and 
past  President  of  the  Institution  of  Civil  Engineers  of  Great 
Britain. 

Sir  Frederick  was  a])prenticed  to  a  mechanical  engineer  in 

1834,  and  rose  to  the  position  of  Chief  Draftsman  and  later  to 

that  of  Manager.     He  entered  the  ])ractice  of  engineering  on  his 

own  account  in  1853;  became  an  associate  of  the  Institution  of 

Civil  Engineers  in  1850,  a  full  member  in  1862,  and  President 

in  1884. 

He  had  also  been  ])resi(lent  of  the  Institution  of  Mechanical 

Engineers  in  1874  and  1875,  and  of  the  British  Association  for 

the  Advancement  of  Science  in  1S88.     He  will  be  remembered 

by  those  of  the  Society  who  were  the  guests  of  the  Institution  of 

Civil  Engineers  in  1899  as  one  of  its  most  genial  and  noticeable 

representative's  in  the  entertainment  of  the  visiting  American 
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engineers.  He  was  as  a  practitioner  especially  emphatic  as 
to  the  dignity  and  responsibility  of  the  engineer,  particularly 
as  owing  it  to  the  public  that  no  unworthy  schemes  reached  ma- 
tority  through  lack  of  exposure  of  their  quality  by  competent 
engineers. 

The  Secretary  was  on  motion  directed  to  transmit  a  suitable 
minute  and  tribute  to  the  Institution  of  Civil  Engineers  of  Great 
Britain. 

Messrs.  Rockwood,  Miller,  Hunt,  Suplee,  Goss,  Halsey  and 
Engel  took  part  in  a  somewhat  informal  discussion  as  to  having 
the  out-of-town  membership  of  the  Society  represented  as  bear- 
ing a  share  in  the  expenses  of  the  annual  meeting,  recurring  each 
year  in  the  City  of  New  York,  and  the  matter  was  referred,  on 
motion,  to  the  consideration  of  the  Standing  Committee  on  Meet- 
ings created  under  the  new  Constitution. 

There  being  no  further  new  or  general  business  to  be  presented, 
the  President  asked  Mr.  Ambrose  Swasey,  President-elect,  to 
come  to  the  platform  that  he  might  turn  over  the  responsibilities 
of  his  office  to  his  successor.  Mr.  Dodge  thanked  the  Society 
for  the  courteous  way  in  which  he  had  been  treated  during  his 
incumbency,  and  on  motion  the  meeting  adjourned. 

On  the  afternoon  of  Friday  a  large  number  of  members  ac- 
cepted an  invitation  from  the  De  Laval  Steam  Turbine  Company 
of  Trenton,  N.  J.,  to  be  their  guests  by  special  train  to  the  works 
of  the  Company. 

Luncheon  was  served  on  the  train  and  the  excursion  was  much 
enjoyed. 
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CARNEGIE  GIFT  TO  ENGINEERING. 

SECOND  CIRCULAR. 

At  the  annual  meeting  of  the  Society  held  id  New  York 
December  1st — 4th,  a  report  was  called  for  from  the  repres 
tive  of  the  Society  on  the  Joint  Committee  intrusted  witl 
details  of  Mr.  Andrew  Carnegie's  proposed  gift  of  a  bui 
for  the  needs  of  the  engineering  societies. 

Mr,  Charles  Wallace  Hunt,  as  such  representative,  pre» 
a  verbal  report,  from  which  the  following  information  is  der 

It  will  be  recalled  that  in  advance  of  the  Saratoga  Meetii 
announcement  was  made  to  the  Society,  which  will  be  fou 
page  870,  Volume  XXIV,  of  the  Tra?i8a<!tio7i8,  It  ment 
the  purpose  of  Mr.  ('arnegie's  donation  of  one  million  do 
which  should  bring  the  libraries,  asseijibly-halls,  offices 
meeting  rooms  of  the  societies  of  engineers  into  one  great  1 
iiig,  which,  wiiile  am])le  in  size  for  their  individual  needs,  si 
arrange  for  their  convenience  as  respects  business  and  pi 
sional  uses.  It  was  proposed,  in  addition,  that  the  bui 
should  give  adeijuate  accommodation  for  such  other  tech: 
scientific  and  engineering  bodies  as  might  require  the  use 
])roperly  e(iinp])0(l  auditorium. 

During  tiie   intervals   between  that  report  and  the  pi 
meeting,  the  Joint  Committee  of  fifteen  has  been  in  confe 
on  the  details  referred  to  it,  and  has  appointed  an  Exec 
Committee  of  live  to  facilitate  the  work  of  the  general 
mittee. 

A  sub-committee  of  the  Executive  Committee  luis  bee 
gaged  in  the  ]irc'])a ration  of  the  material  which  might  be  i 
sary  to  submit  the  needs  of  these  societies  to  a  competiti 
architects,  as  to  the  structural  details  of  tiie  building.  A 
mittee  on  Organization  has  been  appointed,  consisting  of  M 
A.  R.  Ledoux,  (/has.  Wallace  Hunt  and  S.  S.  AVheeler,  and 
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recommendations  to  the  Joint. Committee  have  been  adopted  and 
the  Organization  Committee  instructed  to  take  the  necessary  pre- 
liminary steps  to  secure  the  legislative  action  for  which  their 
report  called. 
The  full  report  of  the  Committee  on  Organization  is  as  follows: 
The  undersigned  were  appointed  a  special  Committee  at  a 
meeting  of  the  Executive  Committee  of  the  Union  Engineers' 
Buihling  Association,  on  July  9,  1903,  and  were  instructed  '  to 
propose  a  plan  of  organization  for  the  bodies  exclusive  of  the 
Engineers'  Club,  which  are  to  participate  in  the  gift.'  In  trans- 
mitting instructions  to  this  Committee,  the  Chairman  of  the  Ex- 
ecutive Committee  summarized  our  duties,  as  he  understood  them, 
as  follows: 

1.  To  suggest  an  organization  to  hold  title  to  the  land  and 
building. 

2.  A  method  of  superintending  and  administering  the  build- 
ing after  completion. 

'i  Provision  for  granting  the  use  of  parts  of  the  building  to 
other  organizations  whose  objects  and  work  may  be  of  suitable 
character  and  which  may  contribute  to  the  maintenance  of  the 
huilding. 

4.  Pn)vision  for  contingencies,  such  as  the  withdrawal  of  one 
of  the  societies,  or  the  failure  on  the  part  of  any  one  properly  to 
carry  out  its  obligations. 

The  Committee  was  authorized  to  consult  legal  counsel.  It  has 
held  s(»veml  meetings  and  has  informally  consulted  members  of 
the  American  Society  of  Civil  Engineers,  and  othere  interested. 

After  having  informally  and  tentatively  approved  suggestions 
formulated  by  one  of  its  members,  Mr.  Hunt,  the  same  were  sub- 
mitted to  the  law  firm  of  Butler,  Notman,  Joline  &  Mynderse, 
from  whom  a  written  opinion  was  obtained. 

Having  considered  this  legal  advice  and  taken  note  of  all  sug- 
g«8tionfi  received,  the  Conmiittee  unanimously  advise  as  follows: 

1.  The  total  amount  offered  by  Mr.  Carnegie  shall  be  admin- 
istered as  two  gifts;  one  to  the  Engineering  Societies  and  the 
other  to  tlie  Engineers'  Club,  each  to  be  held  and  administered 
independent  of  the  other.  The  allocation  of  the  fund  to  be  made 
alonce,  but  the  buildings  to  be  designed  and  erected  as  one  oper- 
ation; thereafter  the  respective  titles  and  administrations  to  be 
entirely  independent. 

2.  the  property  represented  by  land,  buildings  and  equipment 
of  the  engiaeering  societies,  shall  be  held  and  administered  by  an 
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executive  corporate  body,  preferably  under  a  special  chart 
be  obtained  from  the  State  of  New  It'ork,  each  of  the  const 
societies  being  entitled  to  name  from  its  membership  thre 
sons  to  act  as  incorporators  and  thereafter  as  directors. 

3.  Each  society  annually  to  elect  or  appoint,  as  their  By 
may  prescribe,  one  of  their  voting  members  to  serve  on  the 
of  ^Directors  of  the  Executive  Corporation  for  a  term  of 
years;  a  vacancy  in  said  Board  to  be  filled  by  an  ap{k)in 
made  by  the  society,  the  retirement  of  whose  representative  < 
the  vacancy. 

4.  The  land  and  property  being  held  for  th^e  societies 
executive  corporation,  the  said  corporation  may,  to  pay  fi 
land  acquired,  issue  certificates  of  indebtedness  or  bonds  b 
interest  at  four  per  cent.,  and  redeemable  on  six  months'  i 
the  buildings  being  a  gift  from  Mr.  Carnegie. 

5.  Each  of  the  constituent  societies  may  purchase  and  h 
equal  amount  in  value  of  the  said  bonds  or  certificates,  b 
Board  of  Directors  of  the  executive  corporation  may  aut 
any  of  the  constituent  societies  to  hold  an  additional  an 
that  is  in  excess  of  its  portion,  but  such  excess  shall  be  sub 
recall  at  its  par  value  at  any  time  that  the  directors  of  the  ] 
tive  Corporation  may  so  order,  to  the  end  that  each  societ; 
have  an  equal  interest  in  the  property  of  the  corporation  : 
desires. 

The  certificates  held  by  each  society  shall  be  inalienable 
they  are  offered  to  the  Executive  Corporation  at  their  par 
and  such  tender  shall  not  be  accepteci  by  the  Board  of  Dii 
within  one  year  thereafter. 

6.  The  property  of  the  Executive  Corporation  shall  h 
perpetually  as  a  meeting-place  and  headquartei's  for  the  co 
ent  societies,  and  for  such  other  scientific  associations  as  r 
temporarily  admitted  by  the  consent  of  the  Board  of  Dii 
of  the  Executive  Corporation.  Such  associations  may  paj 
rata  share  in  the  expenses  of  the  headquarters,  but  no  pron 
be  made  from  such  use. 

7.  Each  of  the  participating  societies  shall  be  entitled  to 
and  space  in  the  property  adequate  to  its  need,  paying  its 
of  the  running  expenses  in  accordance  with  the  amount  oi 
occupied;  said  space  to  be  assigned  and  a  proper  assei 
therefor  determined  by  the  Board  of  Directors  of  the  Ex< 
Corporation. 

8.  The  excess  of  receipts  over  expenditures,  if  any,  si 
used  for  reducing  the  subsequent  contribution  of  the  $ 
societies  for  maintaining^  the  building,  and  for  the  advam 
engineering  arts  and  science,  by  and  through  the  partici 
constituent  associations.  No  dividends  shall  be  declared  o 
its  divided,  but  a  reasonable  repair  and  rebuilding  fund  n 
established. 

9.  If  the  income  of  the  Executive  Corporation  shall  be  lei 
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the  expenditare,  the  deficiency  shall  be  made  ^ood  bv  an  assess- 
ment on  each  of  the  constituent  societies,  so  allocatea  as  to  be  in 
proportion  to  the  number  of  voting  members  of  each  society. 

An  excess  of  receipts  over  exi)enditures  may  be  allocated  to 
the  societies  in  like  manner  to  reduce  their  annual  assessment. 

10.  Should  any  of  the  constituent  societies  fail  or  refuse  to 
appoint  directors,  the  remaining  members  of  the  Board  of  the 
txecutive  Cor{X)ration  shall  administer  the  property  with  all 
the  force  and  effect  as  though  the  Board  contained  its  full  quota 
of  members. 

11.  Finally,  your  committee,  in  offering  the  above  suggestions, 
has  had  in  mind  the  setting  aside  of  the  money  used  for  a  build- 
ing for  the  Engineers'  Club,  so  that  on  the  completion  of  the  said 
building,  the  relations  of  the  Glubandof  the  engineering  societies 
will  tenninate.  Thenceforward,  the  constituent  societies  are  to 
carry  through  the  Executive  Corporation  the  administration  of 
the  building  and  its  accessories,  leaving  the  scientific,  profes- 
sional, intellectual  and  financial  activity  in  each  organization 
entirely  indei>endent  of  the  others;  and  free  to  develop  to  any 
extent  and  along  any  line  that  may  be  determined  each  for 
itself. 

The  details  of  the  superintendence  and  administration  of  the 
I>uil(ling8  can  l)est  be  considered  after  the  organization  of  the 
proposed  Executive  Corporation  through  the  procuring  of  a 
special  charter. 

(Signed)         Albert  K.  Ledoux,  ) 

/-I  TIT  XT  (  Comimttee  on 

Chas.  \V  allace  Hunt,     \     ^         .      . 

Schuyler  S.  Wheeler,   )  ^  ^^^' 

It  may  be  mentioned  that  when  the  sub-committee  on  building 
pUns  took  up  the  consideration  of  the  necessary  areas  it  devel- 
opeil  at  once  that  the  cost  of  the  building  which  would  be  required 
for  the  accommodation' of  the  Engineering  societies,  on  125  feet 
fronton  Thirty-ninth  Street,  and  the  Engineers' Club  on  a  fifty 
foot  front  on  Fortieth  Street,  would  exceed  the  preliminary  or 
tentative  figure  mentioned  by  Mr.  Carnegie  in  his  official  letter 
of  gift. 

When  this  conclusion  was  reached,  a  special  committee  was  ap- 
pointed to  visit  Mr.  Carnegie  and  talk  the  matter  over  with  him. 
He  made  it  evident  that  it  was  his  desire  and  intention  to  erect 
a  bailding  which  should  bo  a  monument  to  the  Engineering  pro- 
feBsion,  and  that  it  was  his  purpose  to  make  this  building  ade(]uate 
and  the  question  of  cost  was  in  his  mind  secondary  to  the  attain- 
injf  of  the  object  dear  to  his  heart,  which  was  the  bringing  to- 
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gether  of  all  classes  of  engineers  into  a  bailding  in  which  tl 
could  co-operate  for  the  common  purpose  of  the  prol 
sion. 

It  may  be  desirable  to  repeat  some  of  the  statements  of  the  p 
vious  announcement,  that  the  location  of  the  proposed  bnildii 
as  given  in  the  sketch  plan  herewith,  is  one  of  the  most  desiral 
ones  in  the  city  of  New  York. 
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The  New  York  Public  Library  building  occupies  the  enl 
eastern  frontage  of  the  block  between  40th  and  42ud  Streets 
Fifth  Avenue,  while  to  the  westward  is  the  open  square  kno 
as  Bvrant  Park. 

It  will  be  convenientlv  accessible  from  the  terminals  of 
New  York,  New  Ilavon  and  Hartford  Railroad,  and  the  In 
York  Central  and  Hudson  River  Railroa(tat  42nd  Street,  at  P 
and  Madison  Avenues,  and  from  the  Pennsylvania  terminals  c< 
ing  in  from  the  West,  at  33rd  Street  and  Seventh  Avenue.  '. 
Elevated  railwav  at  Sixth  Avenue  has  a  station  at  42nd  Str< 
and  the  Third  Avenue  Elevated,  42nd  Street  and  Park  Aver 
The  junction  of  the  Rapid  Transit  underground  lines  at  4 
Street  and  Broadway  will  make  this  station  an  important 
press  point  for  trains  both  from  down  town  and  from  the  Noi 

Convenient  surface  lines,  both  up  and  down  town,  intersec 
42nd  Street.  The  hotel  and  theatre  district  of  the  city  are  < 
tering  more  and  more  around  this  particular  region. 

The  Committee  will  be  very  glad  to  receive  from  member 
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the  Society  suggestions  >\rhich  may  be  helpful  in  the  matter  of 
interior  arrangement  or  detailed  requirement  of  the  proposed 
building,  to  the  end  that  it  may  be  in  every  respect  thoroughly 
adapted  for  the  needs  of  the  societies  which  are  to  occupy  it. 

The  committee  would  report  that  for  the  three  societies  which 
have  so  far  signified  their  puq^ose  to  make  use  of  the  proposed 
building,  the  requirement  of  floor  space  in  square  feet,  outside  of 
the  general  rooms  for  auditoriums  and  library  needs,  is  as  follows : 

Purpose.  Electrical.  Mechanical.        Mining. 

Reception  room 600  800  620 

Kditorial  room 400  300  360 

Secretory  or  Assistant 400  300  860 

Counting  room   600  600  320 

Accountant— Stenographers 400  900  700 

Board  and  Committee 1,000  600  760 

Stationery  and  Transactions 1 ,200  1 ,200  1 .000 

Oloi^ts.. 400  400  400 

Sundries 200  400  _600 

5,200  5,500  5,120 

The  Society  of  Civil  Engineers  has  issued  a  circular  to  its  mem- 
bers reporting  the  condition  of  affairs  at  the  present  time  and 
their  probable  need  for  9,000  square  feet  of  floor  space,  but  defi- 
nite action  cannot  bo  taken  by  that  society  until  a  letter-ballot  is 
had  and  until  after  the  annual  meeting  of  the  society  in  January. 

In  the  letter-ballot  taken  on  the  question  of  the  necessary 
changes  in  their  I>y-I^>^  by  the  American  Institute  of  Mining 
Knginecrs,  tho  vote  showeil  over  1,000  in  favor  of  the  change, 
and  only  eleven  in  opposition  to  it,  which  is  regarded  as  showing 
an  overwhelming  sentiment  in  favor  of  the  Engineering  Building. 

It  may  be  further  of  advantage  to  report  that  the  action  in  the 
Joint  (-ominittee  on  all  questions  which  have  been  submitted  to 
ithasbetm  unanimous,  and  that  throughout,  in  all  decisions,  the 
Joint  Committee  has  had  the  benefit  of  tho  counsel,  advice  and 
co-operation  of  the  representatives  appointed  by  the  American 
Society  of  Civil  Engineers,  who  have  sat  with  the  Committee  in 
all  its  deliberations. 

Respectfully  submit  ted, 

JaMKS    M.   DolHlE,  ) 

C.  W.  Hunt,  [  Committee, 

F.   R.    IIUTTON,  ' 
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THE  MONEY   VALUE   OF   TECHNICAL   TRAINING. 

BY   JAME?   M.    DODGE,   PHILADELPHIA,  PA. 

PRESIDENT'S   ADDRESS.   1903. 

1.  Technical  Training  may  bo  self -acquired  or  obtained  througk 
instruction.  The  ability  to  drive  a  nail  properly,  or  to  design  and 
construct  the  most  complex  and  wonderful  of  structures  or  de- 
vices, is  the  result  of  Technical  Training  in  but  different  degree. 
Up  to  a  very  recent  date,  and  within  the  memory  of  most  of  us, 
the  Apprentice  System  and  that  of  Independent  Delving  repre- 
sented the  sole  methods  of  acquiring  training.  Research  and  in- 
vestigation carried  on  in  individual  lines,  with  varying  degrees 
of  success,  dependent  upon  tlie  mental  makeup  of  the  individual, 
wore  the  moans  of  attaining  theoretical  technical  knowledge. 
I'he  blending  of  those  two  methods  developed  the  earlier 
Mechanical  Engineers  and  will,  even  in  the  future,  enable  those 
sufficiently  gifted  by  nature  and  habit  to  attain  eminence.  The 
progress  of  the  world,  however,  calls  for  a  better  and  more  speedy 
means  of  produ(*ing  trained  men  than  could  ever  be  developed 
by  the  methods  of  self-instruction.  The  individual,  striving  for 
manual  skill,  attains  his  dosriro  under  the  old  apprentice  system. 
Individuals  sufficiently  gifted  arise  above  their  fellows,  and  be- 
come the  loaders  in  thoir  calling.  The  gratification  of  a  mechan- 
ical appetite  and  the  dosiro  to  earn  more  money  than  his  fellows 
are  two  moving  causes  which  impel  a  man  towards  technical 
education.  A  generation  or  so  ago,  the  universal  belief  was  that 
the  sooner  a  young  man  entered  upon  his  apprenticeship,  or 
began  practical  manual  work,  the  bettor  and  more  rapid  would  be 
liis  ])rogross  in  the  Mechanic  Arts,  and  Book  Learning  was  de- 
rided as  being  purely   theoretical,  and  of  little  practical  value. 


*  Prosent«'(l  at  the  New  York  mpctiiit?  (Deccmbor,  11)03)  of  the  American  So- 
cipty  of  Mocbanical  En^ineeM,  and  forming  part  of  Volume  XXV.  of  the  TroM- 
aetioua. 
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This  belief  is,  even  at  this  date,  all  too  prevalent,  largely  due  to 
inherited  error,  and  to  lack  of  knowledge  and  reliable  data. 

2.  Obtaining  data  from  which  incontrovertible  conclusions  can 
be  drawn  is  now  comparatively  easy,  but  a  few  years  ago  was 
practically  impossible.  We  are  all  prone  to  take  extreme  cases 
of  success  or  failure  as  the  basis  of  our  opinions,  and  lose  sight 
of  the  fact  that  it  is  the  average  man  whose  career  shows  the 
true  force  and  direction  of  the  current.  For  convenience  of 
comparison,  I  will  outline  the  actual  progress  made  by  four 
groups  of  men  working  in  the  Mechanic  Arts, — ^the  unskilled 
labor  group,  the  shop-trained  or  apprentice  group,  the  trade 
school  group,  the  technical  school  group,  and  give  the  results 
attained.    Each  group  I  will  refer  to  as  an  individual: 

3.  The  first  is  the  Laborer,  with  but  primitive  and  rudimentary 
training,  working  under  the  immediate  and  constant  supervision 
of  a  boss,  and  earning,  as  the  line  on  the  chart  indicates,  $10.20 
per  week  at  the  age  of  22,  his  line  remaining  horizontal  through 
the  period  of  his  usefulness.  Data  are  lacking  as  to  his  progress 
before  he  reaches  the  age  of  22. 

4.  The  second  is  the  Apprentice  or  Representative  of  the  Shop- 
trained  group,  of  good  health  and  habits,  entering  a  machine 
i^bop  at  the  age  of  16,  and  earning  an  average  wage  of  $3  per 
week  for  fifty  weeks  per  year.  This  is  about  the  number  actu- 
ally worked,  making  $150,  or  5  per  cent,  on  $3,000,  which  is  his 
l*otential  or  Invested  Value,  upon  which  he  draws  his  interest  on 
lay  days. 

5.  On  the  chart  accompanying  this  paper  (Fig.  2)  you  will  find, 
T\M  horizontally,  lines  representing  amoimts  increasing  from  the 
l<'wer  line  upward  by  $1,000  each;  starting  at  $1,000,  and 
t<*rrainating  at  the  top  at  $50,000,  these  representing  Poten- 
tial Values,  upon  which  5  per  cent,  is  earned  for  fifty  weeks  a 
J^'ar.  The  vertical  lines  each  represent  one  year  in  time,  begin- 
ning at  the  lower  left  hand  corner  at  16,  and  progressing  in 
w*gular  order  until,  at  the  lower  right  hand  corner,  we  have  32, 
r<*pre8enting  in  all  a  lapse  of  16  years. 

6.  To  illustrate  the  progress  of  the  four  groups  graphically,  we 
indicate  on  the  line  representing  16  years  of  age,  and  opposite 
the  figure  $3,000,  the  young  man  just  entering  his  apprentice- 
'bip.  We  will  consider  him  typical  of  the  Shop-trained  Group. 
Following  the  line  to  the  right  we  see  his  average  progress  in 
eiming  capacity  through  the  ensuing  years,  noting  that  at  the 
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»ge  of  20  he  is  earning  $9  per  week,  which  is  5  per  cent,  on 
$9,000,  he  having  increased  his  Potential  or  Invested  Value  in 
four  years  by  $6,000. 

7.  We  now  note  that  his  accumulated  experience  enables  him 
to  make  more  rapid  progress  for  the  next  year  and  a  half,  and 
from  the  age  of  20  to  21^  years  we  find  that  his  pay  has  in- 
creased to  $13.20  per  week,  and  his  Potential  Value  to  $13,200. 
He  is  now  approaching  his  goal,  and  his  line  of  progress  does  not 
(H)ntinue  at  the  same  angle  that  it  followed  for  the  past  few  years, 
but  deflect.«  toward  the  horizontal ;  and  at  the  age  of  24  we  find 
liim  earning  $15.80  per  week,  and  his  Potential  Value  $15,800. 
In  other  words,  in  eight  years  he  has  increased  his  Potential 
\alue  $12,800.  Observation  shows  that  5  per  cent,  of  the 
apprentices  acquiring  the  machinist  trade  rise  above  the  line 
Hiade  by  our  average  man;  35  per  cent,  follow  the  line  closely, 
Hnd  that  during  the  period  of  training  20  per  cent,  leave  of  their 
own  aa»ord,  and  as  near  as  can  be  ascertained,  go  to  other  shops 
and  continue  in  the  line  originally  selected ;  40  per  cent.,  how- 
t'ver,  are  found  unworthy  or  incompetent,  and  are  dismissed, 
probably  never  rising  to  the  $15.80  line. 

8.  Apprenticeship  of  to-day  in  many  establishments  does  not 
make  the  man,  broadly  speaking,  a  mechanic — in  a  majority  of 
cases  he  is  a  specialist  or  tool  hand,  and  not  comparable  with  the 
'•Id  mechanic,  who  was  a  worker  in  metals,  had  some  practical 
knowledge  of  steam  and  prime  movers,  could  chip,  file,  work  on 
Inthe,  planer,  drill  press,  or  as  an  assembler,  and  was  competent 
to  meet  the  varied  and  unusual  conditions  found  in  general  con- 
stniction  and  repair  work. 

'*.  The  third  group  of  young  men  are  those  fortunate  enough  to 
have  had  the  opportunity  of  entering  a  trade  vscliool,  which  they 
do  at  16  years  of  age,  devoting  the  next  three  years  of  tlieir 
lives,  or  until  they  are  10  years  of  age,  acquiring  a  tradt^  under 
<^f'mi>etont  instruction,  and  at  the  same  time  adding  to  their  store 
^?' rudimentary  theoretical  education.  At  tlie  age  of  10  a  Trades' 
School  man  enters  the  machine  shop  and  can  command  $12  per 
^wk,  equal  to  the  apprentice  at  21  years  of  age,  and  very  quickly 
JMflkes  his  employment  profitable  to  his  employer.  The  three 
.^'^'ars  in  school  have  increased  his  Potential  Value  from  $3,000 
to  $12,000,  a  gain  of  $0,000.  Thus  ho  has  caught  up  with  the 
"pprentiee  entering  the  shop  at  10,  and  who  has  been  working 
for  five  years.     Progress  of  the  Trades'  School  group  now  follows 
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a  line  which  diverges  from  that  of  the  regular  apprentice,  ai 
by  the  time  $15.80  is  earned  by  the  regular  apprentice,  1 
Trades'  School  graduate  is  earning  $20,  with  a  Potential  Val 
of  $20,000,  or  $4,200  greater  than  that  of  the  Shop-Trained  ma 
The  Trades'  School  line  continues  at  substantially  the  same  anj 
up  to  an  earning  capacity  of  $22  per  week,  and  a  Potential  Val 
of  $22,000.  Data  are'  lacking  as  to  the  further  progress,  but  t 
presumption  is  that  this  line  will  bear  off  more  toward  the  ho 
zontal,  eventually  paralleling  the  line  of  the  Shop-trained  rsn 
but  much  liigher  on  the  chart 

10.  The  fourth  group  we  will  represent  again  by  a  boy  of 
studying  at  school  until  his  18th  year,  and  preparing  himself  i 
admission  to  one  of  our  higher  Institutions  of  Technical  learnii 
such  as  the   Stevens  Institute,  the  Massachusetts  Institute 
Technology,  Columbia,  Cornell  and  the  like,  where,  after  a  fc 
years'  course,  or  at  the  age  of  22,  he  is  ready  to  begin  practi 
work.     The  statistics  upon  which  this  chart  is  based  show  1 
average  starting  wage  at  $13  per  week,  or  the    same    amoi 
earned  by  the  regular  apprentice  at  the  age  of  21^,  and  by  1 
Trades'  School  graduate  at  the  age  of  19^.     In  other  wor 
aj)parently  a  graduate  of  our  technical  schools  has  lost  by 
six  years  of  preparatory  study,  having  been  beaten  by  the  regu 
apprentice  by  six  months  and  by  the  Trades'  School  graduate 
2^  years.     From  this  time,  however,  there  develops  a  most  int 
osting  and  instructive  line  of  progress.     The  regular  apprenti 
who  is  earning  $13.50  a  week  at  the  time  the  technical  gradu 
is  earning  $13,  is  overtaken  in  six  months,  and  we  find  b< 
earning  $14  per  week,  and  the  technical  graduate  reaches  1 
$15.80  line  nearly  one  year  before  the  regular  apprentice. 
(4lier  words,  while  it  has  taken  tlie  regular  apprentice  from 
21st  to  Ills  24tli  year,  or  three  years,  to  increase  his  wages  fr 
$11.50  to  $15.80  a  week,  tlie  technical  graduate  has  done  i 
same  in  fifteen  montlis. 

11.  Progress  now  continues  on  substantially  the  same  line,  s 
we  find  tlie  technical  graduate  earning  $22  per  week,  and  cross: 
the  line  of  the  Trades'  School  group  in  three  years'  time. 
worthy  tributes  to  tlie  higlu^r  education  and  attainment. 

12.  The  line  of  the  tochnical  graduate  now  continues  diverg 
from  that  of  the  trades'  school  graduate,  -vWth  earning  capac 
regularly  increasing,  and  a  corresponding  augmentation  of  ] 
tential  or  Invested  Value  until,  at  the  age  of  32,  or  ten  ye 
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after  entering  upon  the  practical  work,  we  find  our  technical 
graduate  earning  $43  per  week,  and  his  Potential  Value  at 
$43,000.  In  other  words,  six  years  of  preparation  have  enabled 
him  to  distance  the  Shop-trained  man  and  the  Trades'  School 
graduate  overwhelmingly.  Bearing  in  mind  that  this  is  an  aver- 
fige  line,  it  is  of  interest  to  say  that  most  technical  graduates 
with  a  better  record  than  the  one  in  the  chart  have  devoted  even 
more  time  to  their  preparation,  either  by  study  or  by  shop  work, 
after  graduation.  Those,  on  the  other  hand,  who  have  not  come 
up  to  this  average  line  represent,  in  the  main,  men  more  or  less 
incapable  of  original  work.  The  reason  that  higher  education, 
other  things  being  equal,  carries  with  it  the  ability  to  earn  high 
wages  is  that  consciously  or  unconsciously,  these  men  are  direct- 
ing and  making  it  possible  for  large  numbers  of  Laborers,  Shop- 
trained  men  and  Trades'  School  graduates  to  perform  useful 
work.  A  draftsman  at  his  board  may  never  realize  that  as  a 
result  of  his  drawing  a  hundred  men  or  more  may  be  given  em- 
ployment. His  design  calling  for  structural  steel,  for  instance, 
could  not  be  built  were  it  not  for  the  labor  of  many  men  em- 
ployed making  and  rolling  the  steel  before  it  reaches  the  shop. 
Then  come  the  shop  men,  who  cut,  punch  and  shear,  and  then 
the  erectors,  wlio  assemble  the  structure  in  accordance  with  the 
original  plan.  For  this  ability  and  knowledge  our  technical  man 
is  paid. 

1«*J.  It  is  quite  obvious  that  all  workers  in  the  Mechanic  Arts 
cannot  be  technical  graduates.  Some  must,  through  natural  limita- 
tions, or  lack  of  opportunity,  follow  the  apprentice  line,  and 
others  the  Trade  School. 

14.  It  is  from  graduates  of  the  latter  that  leading  shop  men  and 
foremen  are  largely  selected.  These  two  classes,  supplemented 
by  the  technical  graduate,  constitute  the  vast  army  of  workers 
m  the  Mechanic  Arts. 

15.  Thus  we  see  clearly  that  preparation  pays,  and  that  it  pays 
in  dollars  and  cents,  and  that  even  a  long  term  of  years  spent  in 
proper  study  and  technical  training  is  a  good  investment  from 
every  point  of  view. 

16.  Of  course,  apprentices  have  made  and  will  make,  in  rare  in- 
stances, a  better  showing  than  the  average  technical  man  of  the 
^kart,  and  many  of  our  greatest  men  have,  by  sheer  force  of 
character,  excellence  of  brain  fibre,  persistence  and  self-educa- 
tion, risen  to  preeminent  positions,  independent  of  all   regular 
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systems.     To  the  end  of  time  great  examples  of  this  kind  will 
found.      Among  those   whose   names   readily  come  to  mind  a 
the    elder    Krupp,    Joseph    Whitworth,    George    M.    PuUma 
Andrew  Carnegie,    John    Fritz,  Prof.    John  E.  Sweet,  Edw 
Reynolds,  George  II.  Babcock  and  Coleman  Sellers. 

17.  The  same  is  true  of  the  Trades'  School  graduate,  but  as  sc 
before,  we  are  dealing  with  the  average  of  each  class,  taken  f re 
actual  statistics,  with  an  earnest  desire  to  ascertain  the  facts,  a 
without  any  preconceived  notion  of  the  outcome. 

18.  It  may  be  stated  as  a  truism  that  every  man  pays  for  1 
amount  or  percentage  of  bossing  he  requires,  and  converse 
every  man's  wages  increase  in  proportion  to  his  ability  to  act 
the  boss  or  foreman  of  himself  and  others.  The  lower  the  wj 
rate  the  greater  the  amount  of  watching  and  directing  constan 
required.  The  slaves  of  ancient  Egypt  received  no  wages,  1 
were  treated  as  horses  are  to-day.  They  were  fed  and  shelte: 
according  to  the  ideas  of  their  owners.  No  slave  worked  vol 
tarily,  and  the  foreman's  or  loader's  excellence  was  gauged  entir 
by  his  physical  strength  and  efficiency  as  a  driver.  This  "^ 
certainly  the  zero  of  labor  conditions. 

19.  The  highest  wages  are  paid  to  the  man  through  whose  a 
ity  the  largest  number  of  other  men  may  be  most  profitably  ( 
ployed.  He  does  his  work  with  his  brain.  Thus,  on  the  < 
hand,  we  see  manual  labor  receiving  no  wages,  and  on  the  ot 
mental  labor  reaping  the  highest  reward.  Between  these  1 
extremes  is  found  every  condition  of  human  life. 

20.  A  practical  man  performs  his  work  within  the  radius  of 
arm,  a  technical  man  witliin  the  radius  of  his  brain.  This  fact 
even  to-day,  realized  by  the  few,  but  it  is  gratifying  to  know  t 
the  number  is  increasing. 

21.  The  technical  training  of  an  individual  makes  him  vahw 
just  in  pr()j)ortion  as  his  ability  is  manifested  by  good  judgm 
and  perception.  Trained  connnon  sense  receives  the  higl 
compensation  and  reaps  the  greatest  reward. 

22.  JMental  ability  to  receive  ideas  and  impart  them  properly  , 
wisely,  rearranged  and  a'rou])ed,  is  typical  of  the  most  brilli 
mentality ;  a  dull  intellect  may  be  compared  to  blotting  paper 
only  to  absorb  and  inter  a  heterogeneous  mass  of  impressions 

23.  'J'he  most  interesting  of  all  graphical  charts  would  be  1 
properly  exjdoiting  the  value  of  technical  training  to  manu: 
turing  plants  and  enterprises.     To  illustrate  this  more  clea 
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we  may  fairly  assume  that  the  apprentice  of  our  chart  corre- 
sponds to  the  old-fashioned  primitive  shop,  having  practically  no 
overhead  expense,  the  proprietor  carrying  the  business  "  in  his 
liat,"  priding  himself  on  his  non-receptive  sturdiness,  contempt 
for  improvements  and  personal  attention  to  all  details.  For  his 
i-(»sts  he  adds  together  the  value  of  raw  materials  and  labor,  and 
then  adds  a  few  dollars  for  profit.  The  line  of  this  establishment 
would  parallel  the  $15.80  line  of  our  Shop-trained  group. 

24.  The  Trades'  School  line  on  the  chart  truthfully  represents 
establishm<  nts  in  which  some  attention  has  been  paid  to  the  im- 
j»rovement  of  system,  with  an  increased  so-called  non-productive 
force,  operating  possibly  in  some  particulars  with  brilliancy,  but 
^ith  defective  features  in  others;  acknowledging  the  value  of 
improvement  if  internally  originated;  moderately  but  uncon- 
s<*iously  absorbent  of  ideas  from  without,  but  tenacious  of  dogma 
and  lacking  departmental  symmetry.  Growth,  increased  earn- 
in^'s  and  relative  immunity  from  disastrous  failure  result. 

-5.  The  technical  graduate  line  of  our  chart  represents  the  man- 
ufacturing establishment  technically  trained  and  "  abreast  of  the 
times"  in  all  particulars,  and  T  predict  a  time  not  very  far  dis- 
tant when  it  will  be  almost  universally  recognized  that  establish- 
ment<i  should  be  trained  as  well  as  individuals,  and  that  the  mar- 
vdhms  development  in  scientific  shop  practice  and  management 
will  do  for  the  manufacturer  fully  as  much  as  technical  training 
i^  doinp;  for  the   individual. 

-i>.  A  change  of  mental  attitude  towards  the  subject  of  ad- 
vanced Shop  Practice  and  Management  is  noticeable  to  a  inarke<l 
decree.  Within  a  very  few  yoars,  indifference  and  antagonism 
have  changed  to  a  growing  interest  and  appnu'iation. 

27.  The  greatest  musical  composition  contains  no  new  notes; 
<ach  note  of  the  scale  can  be  sounded  on  a  penny  whistle.  Our 
greatest  composers  have  only  arranged  the  notes  in  harmonious  se- 
'lU^nee.  The  artists  that  can  render  their  music  truly,  well 
•Wrve  unstinted  praise,  even  though  they  lay  no  claim  to  the 
f«>m|)osition  of  the  masterpiece.  Truly  a  listener  at  the  grand 
"IH'ra  could  say,  "  There  is  nothing  novel  in  this ;  I  have  heard 
'^verv  one  of  these  notes  before.  I  have  even  made  similar 
'blinds  nivself,  and  the  result  was  far  from  satisfactory."  So 
^'ith  Shop  Management:  it  must  be  as  fundamentally  harmonious 
w  a  musical  composition,  and  need  not  of  nc^cessitv  embody  within 
it  any  one  element  of  extreme  originality.     Of  it  the  individual 
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may  truly  say,  "Nothing  novel  has  been  presented;  I  trie 
feature  or  that  feature  with  no  beneficial  result,"  but  if  1 
play  the  music  of  the  Art  of  Management  thoroughly  w 
need  not  grieve  because  he  is  not  its  composer. 

28.  Henry  K.  Towne,  F.  A.  Halsey,  H.  L.  Gantt  and  C 
Day  have  all  ably  contributed  through  our  Proceedings  to  th< 
ature  of  this  most  important  subject.     Fred.  W.  Taylor, 
paper  of  the  current  year,  while  claiming  no  originality  of 
has  presented  to  the  world   the    most    complete  and  thor( 
scientific  system  of  shop  management  ever  promulgated, 
investigator  and  student  he  is  sowing  seeds  in  the  field  • 
Mechanics  Arts  which  will  bear  a  bounteous  harvest 

29.  It  may  be  truly  said  that  this  Society,  and  others  al 
promoting  the  Mechanic  Arts,  complete  the  system  of  tec 
training  by  going  beyond  the  province  of  the  technical  s< 
their  students  being  the  men  who  constitute  the  managem 
our  manufacturing  enterprises.  It  should  be  gratifying  to 
us  that  the  pioneer  literature  of  a8vanced  shop  managemei 
practice  for  this  post-graduate  course  of  technical  trainin 
presented  to  the  world  by  the  American  Society  of  Med 
Engineers. 
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No.  1010.* 

SLIDE  RULES  FOR  THE  MACHINE  SHOP  AS  A  PART 
OF  THE  TAYLOR  SYSTEM  OF  MANAGEMENT 

BT  CARL  G.  BABTU,  BWABTHMORK,  PA. 

(Member  of  the  Society.) 

1.  In  his  paper  on  "  Shop  Management,"  read  at  the  Saratoga 
meeting  of  the  Society  in  June  last,  Mr.  Fred  W.  Taylor  referred 
to  certain  shde  rules  that  had  been  invented  and  developed  under 
his  supervision  and  general  guidance,  by  means  of  which  it  be- 
comes a  comparatively  simple  matter  to  determine  that  feed  and 
speed  at  which  a  lathe  or  kindred  machine  tool  must  be  run  in 
order  to  do  a  certain  piece  of  work  in  a  minimum  of  time. 

2.  These  slide  rules  were  also  mentioned  by  Mr.  H.  L.  Gantt  in 
his  paper  '^  A  Bonus  System  of  Rewarding  Labor  "  (New  York 
Meeting,  December,  1901),  as  being  at  that  time  in  successful  use 
in  the  large  machine  shop  of  the  Bethlehem  Steel  Company,  and 
reproductions  of  a  number  of  instruction  cards  were  therein  pre- 
sented, the  dictated  feeds  and  speeds  of  which  had  been  deter- 
mined by  means  of  these  slide  rules. 

3.  Mr.  Taylor  early  set  about  making  experiments  with  a  view 

to  obtaining  information  in  regard  to  resistances  in  cutting  steel 

with  edged  tools,  and  also  the  relations  that  exist  between  the 

dq)th  of  cut  and  feed  taken  to  the  cutting  speed  and  time  that  a 

tool  will  endure;  and  he  advanced  far  enough  along  these  lines 

in  his  early  position  as  engineer  for  the  Midvale  Steel  Company 

to  make  systematic  and  successful  use  of  the  information  obtained ; 

bat  as  this,  of  course,  was  confined  to  tempered  carbon  tools  only, 

it  waa  not  applicable  to  the  modem  high-speed  steel,  so  that  the 

invention  and  introduction  of  this  steel  called  for  new  experiments 

to  be  made. 

4.  These  were  first  undertaken  under  Mr.  Taylor's  directions  at 

•  Presented  at  the  New  York  meeting  (December,  1903)  of  the  American  So- 
eietjr  of  MecbAnical  Engineers,  and  forming  part  of  Volume  XXV.  of  the  Trans- 
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Bethlehem,  so  far  as  the  cutting  of  steel  alone  was  concerni 
and  later  on  at  the  works  of  William  Sellers  &  Co.,  Inc., 
Philadelphia,  at  which  place  the  writer  spent  fifteen  months 
going  over  these  experiments  again,  on  both  steel  and  cast  ir 
and  with  tools  of  a  variety  of  shapes  and  sizes,  and  for  wh 
nearly  25  tons  of  material  were  required. 

5.  However,  it  is  not  the  writer's  intention  at  this  time,  to  g 
an  account  of  these  experiments,  or  of  the  results  obtained  i 
conclusions  drawn  from  tliem,  but  merely  to  give  some  idea 
the  slide  rules  on  which  these  have  been  incorporated,  and 
means  of  which  a  most  complex  mathematical  problem  may 
solved  in  less  than  a  minute. 

6.  He  will  also  confine  his  attention  to  the  most  generally  in' 
osting  of  these  slide  rules;  that  is,  the  slide  rules  for  lathes,  i 
he  will  take  for  an  example  an  old  style  belt-driven  lathe,  v 
cone  pulley  and  back  gearing. 

7.  Considering  tlie  number  of  variables  that  enter  into  the  pi 
lem  of  detonnining  the  most  economical  way  in  which  to  rem 
a  required  amount  of  stock  from  a  piece  of  lathe  work,  they  i 
be  enumerated  as  follows : 

I.  The  size  and  slia})e  of  the  tools  to  be  used! 
II.  The  use  or  not  of  a  cooling  agent  on  the  tool. 

III.  The  number  of  tools  to  be  used  at  the  same  time. 

IV.  Tlie  length  of  time  the  tools  are  required  to  stand  u 

the  work  (Life  of  Tool). 
V.  The  hardness  of  the  material  to  be  turned  (Class  I 

ber). 
VI.  The  diameter  of  this  material  or  work. 
VII.  Tlie  depth  of  the  cut  to  be  taken. 
VIII.  The  feed  to  be  used. 
IX.  The  cutting  speed. 
X.  The  cutting  i)re5sure  on  the  tool. 
XI.  The  speed  combination  to  be  used  to  give  at  the  s 
time  the  proper  cutting  speed  and  the  pressure 
quired  to  take  the  cut. 
XII.  Tlie  stiffness  of  the  work. 

8.  All  of  these  variables,  except  the  last  one,  are  incorpor 
in  the  slide  rule,  whi(*h,  Avhen  rhe  work  is  stiff  enough  to  perm: 
any  cut  being  taken  that  is  Avithin  both  the  pulling  power  of 
lathe  and  strength  of  the  tool,  may  be  manipulated  by  a  pe 
who  has  not  the  slightest  practical  judgment  to  bear  on  the  mal 
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but  which  as  yet,  whenever  the  work  is  not  stiflf  enough  to  permit 
of  this,  does  require  to  be  handled  by  a  person  of  a  good  deal  of 
practical  experience  and  judgment. 

9.  However,  we  expect  some  day  to  accumulate  enough  data  in 
regard  to  the  relations  between  the  stiffness  of  the  work  and  the 
cuts  and  speeds  that  will  not  produce  detrimental  chatter,  to  do 
without  personal  judgment  in  this  matter  also,  and  we  will  at 
present  take  no  notice  of  the  twelfth  one  of  the  above  variables 
but  confine  ourselves  to  a  consideration  of  the  first  eleven  only. 

10.  Of  these  eleven,  all  except  the  third  and  tenth  enter  into  re- 
lations with  each  other  that  depend  only  on  the  cutting  properties 
of  the  tools,  while  all  except  the  second,  fourth  and  ninth  also 
enttT  into  another  set  of  relations  that  depends  on  the  pulling 
power  of  the  lathe,  and  the  problem  primarily  solved  by  the  slide 
nile  is  the  determination  of  that  speed-combination  which  will  at 
the  same  time  most  nearly  utilize  all  tlie  pulling  power  of  the 
lathe  on  the  one  liand,  and  the  full  cutting  efficiency  of  the  tools 
used  on  the  otlier  hand,  when  in  any  particular  case  under  consid- 
eration values  have  been  assigned  to  all  the  other  nine  variables. 

11.  If  our  lathe  were  capable  of  making  any  number  of  revolu- 
tions per  minute  between  certain  limits,  and  the  possible  torque 
corresponding  to  this  number  of  revolutions  could  be  algebraically 
expn^ssed  in  terms  of  such  revolutions,  then,  the  problem  might 
possibly  be  reduced  to  a  solution,  by  ordinary  algebraic  methods, 
of  two  simultaneous  equations  containing  two  unknown  quantities; 
l»ut  as  yet  no  such  driving  mechanism  has  been  invented,  or  is  ever 
likely  to  be  invented,  so  that,  while  the  problem  is  always  essen- 
tially the  solution  of  two  simultaneous  equations,  or  sets  of  rela- 
tions between  a  number  of  variables,  its  solution  becomes  necessa- 
rily a  tentative  one;  or,  in  other  words,  one  of  trial  and  error,  and 
involving  an  endless  amount  of  labor,  if  attempted  by  ordinary 
mithcmatical  methods;  while  it  is  a  perfectly  direct  and  remark- 
ably simple  one  when  performed  on  the  slide  rule. 

12.  The  slide  rule  method  of  solution  may,  however,  also  be 
employed  for  the  solutio;i  of  numerous  similar  problems  that  are 
capable  of  a  direct  and  perfect  algebraic  solution;  and  it  will,  in 
fid,  be  best  first  to  exhibit  the  same  in  connection  with  the  sim- 
pleit  imaginable  problem  of  this  kind. 

13.  In  the  first  place,  the  solution  of  two  simultaneous  equations 
mty  be  graphically  effected  by  representing  each  of  them  by 
t  ettrve  whose  coordinates  represent  possible  values  of  the  two 
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unknown  quantities  or  variables,  for  tben  the  coordinates  of 
point  of  intersection  of  these  curves  will  represent  values  of 
unknonii  quantities  tliat  satisfy  both  equations  at  the  same  t 
14.  Example  1.  Thns,  if  we  have  y  +  x=12  and  y  —  « - 
these  equations  are  respectively  represented  by  the  two  stra 
lines  AB  and  CD  in  Fig.  3;  and  as  ttese  intersect  at  a  point 
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whose  coordinates  are  ir  =  4^  and  y  =  *l^,  these  valnea 
satisfy  both  equations  at  the  same  time. 

15.  Example  2.  Suppose  again  that  we  have  ic.^  =  18  and  — 

and  these  equations  are  resjiectively  represented  by  the  equila 
hyperbola  EF  and  the  straight  line  GHj  and  the  coSrdiDat 
the  point  of  intersection  of  tliese  (2)  being  respectively  «  = 
;md  y  =  7.35,  these  values  will  satisfy  both  equations  at  the 
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16.  Example  3.  Similarly,  if  we  have  y  —  x  =  3  aud  y,x  =  18, 
these  equations  are  respectively  represented  by  the  straight  lines 
CD  and  the  equilateral  hyperbola  EF;  and  the  coordinates  to  the 
point  of  intersection  of  these  (3)  being  x  =  3  and  y  =  6,  these 
values  will  satisfy  both  equations  at  the  same  time. 

17.  The  slide  nile  method  of  effecting  these  solutions — to  the 
consideration  of  which  we  will  now  pass — will  readily  be  seen  to  be 
very  similar  in  its  essential  nature  to  this  graphical  method, 
though  quite  different  in  form. 

1^.  In  Fig.  4  is  shown  a  slide  rule  by  means  of  which  may  be 
solved  any  problem  within  the  range  of  the  rule  of  the  general 
form :  "  The  sum  and  difference  of  two  fiumbers  being  given^  what 
are  (he  numbers  f^^ 

10.  The  rule  is  set  for  the  solution  of  the  case  in  which  the  simi 
of  the  numbers  is  12  and  their  difference  3,  so  that  we  may  write 

y  +  X  =  12  and  y  —  a?  =  3, 

which  are  the  same  as  the  equations  in  Ex.  1  above. 

20.  In  the  rule,  the  upper  fixed  scale  lepresents  possible  values 
<*f  the  sum  of  the  two  numbers  to  be  found,  for  which  the  example 
under  consideration  gives  y  +  x  =  12,  opposite  which  number  is 
therefore  placed  the  arrow  on  the  upper  slide. 

21.  The  scale  on  this  slide  represents  possible  values  of  the 
h'^ser  of  the  two  numbers  (designated  by  x)  and  the  double  scale 
on  tlie  middle  fixed  portion  of  the  rule  represents  possible  values 
of  the  greater  of  the  two  numbers  (designated  by  y) ;  and  these 
various  scales  are  so  laid  out  relatively  to  each  other,  and  to  the 
arrow  referred  to,  that  any  two  coincident  numbers  on  these  latter 
scales  have  for  their  sum  the  number  to  which  this  arrow  is  set; 
in  this  case  accordingly  12. 

22.  The  bottom  fixed  scale  on  the  rule  represents  possible  val- 
nr«  of  the  difference  of  the  two  numbers,  in  this  case  3,  opposite 
which  number  is  therefore  placed  the  arrow  on  the  bottom  slide 
of  the  rule,  the  scale  on  which  also  represents  possible  values  of 
the  lesser  of  the  two  numbers,  x;  and  the  double  fixed  scale  in 
the  middle  of  the  rule  representing,  as  already  pointed  out,  pos- 
rible  values  of  y,  the  whole  is  so  laid  out  that  any  two  coincident 
Dombers  on  these  latter  scales  have  for  their  difference  the  num- 
ber to  which  this  arrow  is  set;  in  this  case  accordingly  3. 

28.  Fixing  now  our  attention  on  any  number  on  the  double  y 
scale  in  the  middle  of  the  rule,  we  first  note  the  values  coincident 


54 


SLIDE  BOLES  FOR  UACJ£IXE  SHOP  AND  TATLOB  STSTElt. 


» 

• 

CO   _ 

V 

t-* 

'T  ~ 

o  _ 

V 

o  _ 

»-< 

»«  _ 

T^ 

1 

«  _ 

*-« 

CJ    _ 

7 

1 

T-l     

V 

o  _ 

8 

Ci  — 

1 

_  cc 

00    - 

1 

c 

t'  — 

1 

>» 

_  o 

r^ 

o 

1 

u. 
o 

cr 

o  - 

1 

1-H 

a. 

1- 

1 
>f5  — 

_  r-_ 

_   ■^ 

_   !>- 

TH 

1 

rH 

rH 

T* 

a. 
< 

-*    - 

_  o_ 

T-l 

_  ec 

rH 

l-H 

z 
111 

ec  — 
1 

TH 

_  e» 

rH 

r-» 

t 

1 

_    -t 

rH 

_  3* 

s. 

^H 

1 

1-H 

y^ 

r^ 

eo 

1 

...  ec_ 

_o 

_  eo 

»-H 

1 

»-i 

rH 

r^ 

1-1 

•-0  — 

_  Cl_ 

-  O 

?5 

IM 

T-l     

—  oo 

_  l-H 

r^ 

o  _ 

Ol  — 

_   O    . 

-  t* 

-s 

CI  — 

cc  -- 

—  cs- 

—  » 

-  O 

re  — 

"^t  — 

—  oc  — 

-  ta 

-  30 

I-  — 

iO    - 

-i— 

—  "^ 

-  t- 

to  — 

«s  — 

—  o- 

-  « 

-  O 

Ui  — 

»-  - 

-  11- 

—  e< 

-  vn 

•<#  — 

CL    - 

■  ■^■- 

—     T^ 

-  ■^ 

ec  — 

o  - 

-ec 

-o-« 

-  « 

«  — 

o 

-c»- 

—  rH 
1 

-  o« 

H 

rH  — 

rl 

—   rH  — 

-   CI 

1 

1 

-H 

O  — 

c* 

T-t 

-  o— 

-  « 

-o    1 

?» 

r^  — 

CC 

—  rH  — 

1 

-  t 

-  »r« 

1 

1 

1 

1 

1 

T-t 

1 

-  o 

1 

1 

CO-- 

00  — 

-  o 

-    CO 

1         ,                  i        1 

1 

1 

""C  — 

1 

S- 

■  -r- 
1 

-  I- 

1 

-  i« 

1 

tn  — 

J' 

T-t 

_  ,^_ 

•  oo 

-  ift 

1 

1 

• 

1 

O-i      CO.  !..-,_ 

-  cs 

-  o 

1 

' 

1 

1 

1 

H 

1 

..  o 

T-t 

-'r 

1 

-  X  — 

1 

V 

1 

a  — 
1 

"i 

1    1    1 

o 

\-  ■=>- 

.  ec     1 ..  o 

1 

-^              rH        :        ^ 
1        *          1          >          1 

•* 

_    — '    -^.    -f                  rH 

«— « 
1 

»-•               tH                 r-i 

.•» 

i.-  -:»    1     o     !     c»         1 

V  ■ 

1                   1                     1 

ec  . 

.  "  -.         '-^        .        n 

1 

T       r    ,    V 

■*» 

I     ~"         .  -          -" 

1 

1     <-•         «— I          «-< 

•  '^ 

1     It    :      •/■           o 

1-" 
1 

'    T    '     V     1     7 

«c 

'                    III* 

1 

;  T     ^      V 

1- 

,    i-       \ 

1 

^-^ 

V 

CIC 

1 

_    T 

.     r. 

»^ 

T 

1     Y 

?j 

Tbavsactionb  Amebican  Society  of  Mbchai;ical  Engii^bebb.    Vol. 


Depth  of  Cut  4"       ^'     i"        4"     i" 


-« 


TS 


I       I      1,1         1.      I      I 


f"       1    FOR  POW 


n 


J_I_L 


I 


Number  of 


Tools. 


Diameter  for 


1    3   8 

Spee3  Combination  %^%fln 

mil  II 


6T74        5       SSSIOmI 

0  n   m    I     k    j    i     h    \ 

1  0.818"!    0.2"  I  cias"!  aoTO* 


Feed. 


0.4" 


0.25"  I    ai56"|     0.r    I  Ofl 


Speed         v 
Rev.  OF  Spindle  '' 


7T — r— I — r '  '1  ' 

1-A-S     2-A-S     3-A-S.    4-A-S     5-A-S     1-A-P    3-. 


1.59         l.M         2.47         3.nS 


8.82         4.77 


Diameter   for       60"      60"         40"  80" 

\\    CuTT.No  Speed.      Imillll  I  li.lll.MlllIt 


Cuss  Number  o 


I    I    I    I    II    I    II    I    I 

12845C789  10  1 


:i»       A"      \n      JL"     i„       A' 


Depth  of  Cut    i"   re  i"   ^  i"   t  i"  for  Cuhing  Spe 


liartM,  CO. 


Carl  Q.  Babth. 


:-B-8    7-n-s 


D-S    4-B-S     5-B-8     1-B-P     S-B-P    8-B-P     // 


8- 
22.2 


27.54        MA 


42.9 


58.4        (iH.(i 


CbMBINATION. 
PER  MiN. 


10'  9'   8"      7'       «■        5' 

•   ■    I    ■    t    .     I     .     ■     ■      I 


UTHE  No.  43. 


-J  -J    |— I-J- I    I    I    I    I    I    I    I    I    I    ; 

»S1222324  2S26S7332980  818283»4858087883940     I    FOR   SPEED. 


Dry.    With  Water. 


t. 


I 

•  Tool.  2om.  ih.  2  houm. 


Am. Dank  AW*  Co.,K.  F. 


SLIDE   RULES  FOR  MACHINE  SHOP  AND  TAYLOB   SYSTEM.  55 

to  it  in  the  two  x  scales  on  the  slides;  and  this  done,  we  readily 
discover  in  which  direction  we  must  move  along  the  first  scale  in 
order  to  pick  out  that  value  of  y  which  has  the  same  value  of  x 
coincident  with  it  in  both  x  scales.  For  the  case  under  consid- 
eration tliis  value  of  y  is  7i,and  the  coincident  value  in  both  scales 
is  4^.  Evidentlv,  therefore,  y  =  7i  and  a?  =  4rJ  are  the  num- 
bers sought. 

24.  In  the  same  manner  we  may  make  a  slide  rule  for  the  solu- 
tion of  the  general  problem  :  "  The  product  and  qiootieiit  of  two 
numbers  heiiig  given^  what  are  the  numbers?^'* 

Sucli  a  rule  would  differ  from  the  above  described  rule  merely 
in  having  logarithmic  scales  instead  of  plain  arithmetic  scales. 

2r>.  Rv  the  combined  use  of  both  arithmetical  and  logarithmetic 
K*aU  s  we  may  even  construct  rules  for  a  similar  solution  of  the 
general  problems :  "  The  sum  and  product^  or  the  sinn  and  quo- 
tUfif,  or  the  difference  and  product,  or  the  difference  and  quotients 
of  two  71  umbers  being  given,  what  are  the  numbers  f*^  and  a 
multiplicity  of  others;  and  the  writer  ventures  to  suggest  that 
slide  rules  of  this  kind,  and  some  even  simpler  ones,  might  be 
made*  excellent  use  of  in  teaching  the  first  elements-  of  algebra, 
aiJ  they  would  offer  splendid  opportunities  for  illustrating  the  rules 
for  the  operations  with  negative  numbers,  which  are  such  a 
niniibling  block  to  the  average  young  student. 

2(\.  We  now  have  sufficient  idea  of  the  mathematical  principles 
involved,  for  a  complete  understanding  of  the  working  of  the  slide 
riih'  whose  representation  forms  the  main  purpose  of  this  paper. 
27.  This  slide  rule,  in  a  somewhat  ideal  form  in  so  far  as  it  is 
madt'  out  for  neither  steel  nor  cast  iron,  but  for  an  ideal  metal  of 
fT»tfM*rti<'s  between  these  two,  is  illustrated  in  Fig.  5.  It  will  be 
^^'X\  to  have  two  slides  in  its  upper  section  and  three  in  its  lotoer 
ynfinti,  and  it  is  in  so  far  identical  with  the  rules  made  for  the 
I'HthhdHMii  Steel  (^uinpany,  while  in  the  rules  more  recently  made 
it  has  bcf'ji  found  possible  and  convenient  to  construct  it  with  only 
iwo-slitles  in  the  lower  section  also. 

2S.  It  IS  shown  arranged  for  a  l>elt-driven  lathe  (No.  43*)  with 
live  eonr»  .-^trps,  which  are  designated  respectively  by  the  numbers 
1.  2,  3,  4,  •''>-»  from  the  largest  to  the  smallest  on  the  machine. 
Thi.s  lathr  lias  a  back  gear  only,  and  the  back  gear  in  use  is  desig- 


•  T7ie  main  frame  of  the  rule  is  used  for  a  nuuiber  of  lathes,  and  is  arranged 
•-)  rprpire  interchangeable  specific  scales  for  any  lathe  wanted,  as  may  be  seen  in 

'U- ilia  titration. 
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nated  by  the  letter  A,  the  back  gear  out  by  the  letter  JB.  It  aL 
lias  two  counter  shaft  speeds,  designated  respectively  by  8  and  J 
such  that  S  stands  for  the  slower,  F  for  the  faster  of  these  speed 

29.  The  Speed  Combination  3 — A — S  thus  designates — 
choose  an  example — the  belt  on  the  middle  cone  step,  the  Imw 
gear  in,  and  the  slow  speed  of  the  countershaft;  and  similarly,  tl 
combination  1 — B — F  designates  the  belt  on  the  largest  cone  Btc 
on  tlie  machine,  the  back  gear  out,  and  the  fast  speed  of  the  coin 
tershaft;  and  so  on. 

30.  The  double,  fixed  scale  in  the  middle  of  the  rule  (marker 
Feed)  is  equivalent  to  the  y  scale  of  the  rule  in  Fig.  4,  and  thi 
scales  nearest  to  this  on  the  slides  on  each  side  of  it  (marke( 
Speed  Combination   for  Power,   and  for  Speed,   respectively 

are  equivalent  to  the  x  scales  on  the  rule  in  Fig.  4.  .The  res 
of  the  scales  represent  the  various  other  variables  that  enter  int 
the  problem  of  determining  the  proper  feed  and  speed  combiiu 
tion  to  be  used,  fixed  values  being  either  directly  given  or  ai 
signed  to  these  other  variables,  in  any  particular  case  unde 
consideration. 

31.  The  upper  section  of  the  rule  embodies  all  the  variables  tb 
enter  into  the  question  of  available  cutting  pressure  at  the  toe 
while  the  lower  section  embodies  all  the  variables  that  enter  in 
the  question  of  cutlwg  speed  ;  or,  in  other  words,  the  upper  sectic 
deals  with  the  pulliiig  povjer  of  the  lathe,  the  lower  section  wi' 
the  cutting  properties  of  the  tool;  and  our  aim  is  primarily 
utilize,  in  every  case,  both  of  these  to  the  fullest  extent  possibl 

32.  The  example  for  which  the  rule  has  been  set  in  the  illusti 
tion  is : 

A  i  inch  depth  of  cut  to  be  taken  with  each  of  two  tools  on 
material  of  class  14  for  hardness,  and  of  20  indies  diameter,  ai 
the  tools  to  last  1  hour  and  45  minutes  under  a  good  stream  < 
water. 

33.  The  steps  taken  in  setting  the  rule  were: 

1.  The  first  scale  in  the  upper  or  Power  section  of  the  nil 
from  above,  was  fir.st  set  so  that  2  in  the  scale  marked  Numb 
OF  Toor,s  became  coincident  with  J  inch  in  the  fixed  scale  mark< 
Depth  of  Clt  for  Power. 

2.  The  second  slide  in  this  section  of  the  rule  was  so  set  thi 
20  inches  in  the  scale  marked   Diameter  of  Work   for  Powi 

becanie  coincident  with  14  in  the  scale  marked  Class  Numbi 
FOR  Power. 
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3.  The  first  slide  from  below,  in  the  lower  or  Speed  section 
of  the  rule,  was  so  set  that  the  arrow  marked  With  Water  be- 
came coiDcident  with  1  hour  45  minutes  in  the  fixed  scale  marked 
LiFB  OF  Tool. 

4.  The  arrow  on  the  lower  side  of  the  second  slide  in  this 
section  of  the  rule  was  set  to  coincide  with  ^  inch  in  the  scale 
marked  Depth  of  Cut  for  Cutting  Speed, 

5.  The  third  and  last  slide  in  this  section  was  so  set  that  20 
inches  in  the  scale  marked  Diameter  of  Work  for  Cutting  Speed 
became  coincident  with  14  in  the  scale  marked  Class  Number 
FOB  Cutting  Speed. 

Let  us  now  separately  direct  our  attention  to  each  of  the  two 
sections  of  the  rule. 

34.  In  the  Power  section  we  find  that  all  the  speed  combina- 
tions marked  B  (back  gear  out)  lie  entirely  beyond  the  scale  of 
feeds,  which  means  that  the  estimated  effective  pull  of  the  cone 
Mi  reduced  dowTi  to  the  diameter  of  the  work,  does  not  represent 
enough  available  cutting  pressure  at  each  of  the  tools  to  enable  a 
depth  of  cut  of  ^  inch  to  be  taken  with  even  the  finest  feed  of  the 
lathe.  Turning,  however,  to  the  speed  combinations  marked  A 
(back  gear  in),  we  find  that  with  the  least  powerful  of  them 
(5— i— F)  the  c  feed,  which  amounts  to  ifff  i^^h  =  0.039 
inch,  may  be  taken;  while  the  f  feed,  which  amounts  to  ^ 
inch  =  0.05  inch,  is  a  little  too  much  for  it,  though  it  is  within 
the  powe^  of  the  next  combination  (5 — A — S),  and  so  on  until 
we  finally  find  that  the  most  powerful  combination  (1 — A — S) 
i«  nearly  capable  of  pidling  the  i  feed,  which  amounts  to  -jV  inch 
=  0.1  inch. 

35.  In  the  Speed  section  of  the  rule  we  likewise  find  that  all  the 
B  combinations  lie  beyond  the  scale  of  feeds,  while  we  find  that 
the  combination  5 — A — F  (which  corresponds  to  a  spindle  speed 
of  11.47  revolutions  per  minute),  can  be  used  in  connection  with 
the  finest  feed  (a)  only,  if  we  are  to  live  up  to  the  require- 
nients  set  for  the  life  of  the  tool;  while  the  next  combination 
(^A — F)  will  allow  of  the  e  feed  being  taken,  the  combination 
J-*i — F  of  the  /  feed,  and  so  on  until  we  finally  find  that  the 
wmbinations  3 — A — S  is  but  a  little  too  fast  for  the  coarsest  (o) 
feed,  and  that  both  of  the  slowest  combinations  (1 — A — S  and 
i'-A — S)  would  permit  of  even  coarser  feeds  being  taken,  so  far 
w  only  the  lasting  qualities  of  the  tools  are  concerned. 

36.  We  thus  see  that  there  is  a  vast  difference  between  what  the 
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PowEB  section  of  the  rule  gives  as  possible  combinations  of  feeds 
and  speeds  for  the  utilization  of  the  full  pulling  power  of  tb^e 
lathe,  and  what  the  Speed  sections  of  the  rule  gives  for  such  cori:^- 
binations  for  the  utilization  of  the  tools  up  to  the  full  limit  set. 
However,  by  again  running  down  the  scale  of  feeds  we  find  that, 
in  both  sections  of  the  rule,  the  i  feed  (tV  ii^ch  =  0.1  inch),  is 
but  a  trifle  too  coarse  for  the  combination  1 — A — F,  while  the  A 
feed  {^j  inch  =  0.078  inch)  is  somewhat  too  fine  in  connectioii 
with  this  speed  combination  1 — A — F,  both  for  the  full  utilization 
of  the  pulling  power  of  the  belt  on  the  one  hand,  and  for  the  fall 
utilization  of  the  cutting  efficiency  of  the  tools  on  the  other  hand 

37.  In  this  case,  accordingly,  the  rule  does  not  leave  a  shadow 
of  doubt  as  to  which  speed  combination  should  be  used,  while  it 
leaves  us  to  choose  between  two  feeds,  the  finer  of  which  does  not 
allow  us  to  work  up  to  the  full  limit  of  either  the  belt  or  the  took^ 
and  the  coarser  of  which  will  both  overload  the  belt  a  trifle  and 
ruin  the  tools  a  trifle  sooner  than  we  first  intended  to  have  them 
give  out. 

38.  The  final  choice  becomes  a  question  of  judgment  on  the  part 
of  the  Slide  Rule  and  Instruction  Card  Man,  and  will  depend  upon 
how  sure  he  is  of  having  assigned  the  correct  Class  Number  to 
the  material  or  not ;  and  this  latter  consideration  opens  up  a  num- 
ber of  questions  in  regard  to  the  practical  utilization  of  the  rule, 
which  for  the  lack  of  time  cannot  be  taken  up  in  the  body  of 
this  paper,  but  which  will  be  fully  answered  by  the  writer  in  any 
discussion  on  tlie  subject  that  may  arise. 

39.  Having  decided  upon  the  speed  and  feed  to  use,  the  Instruc- 
tion Card  Man  now  turns  to  the  Time  slide  rule  illustrated  in  Fig. 
0,  and  by  means  of  tliis  deterniines  the  time  it  will  take  the  tools 
to  traverse  the  work  to  the  extent  wanted,  and  making  a  fair 
allowance  for  the  additional  time  consumed  in  setting  the  tools 
and  calipering  the  work,  lie  puts  this  down  on  the  instruction 
card  as  the  time  the  operation  should  take. 

40.  For  finishing  work  the  pulling  power  cuts  no  figure,  so  that 
tliis  resolves  itself  into  a  question  of  feed  and  speed  only;  and  for 
the  selection  of  the  speed  combination  that  on  any  particular 
lathe  will  give  the  nearest  to  a  desired  cutting  speed,  the  Speed 
slide  rule  *  illustrated  in  Kig.  7  is  used. 

41.  It  will  readily  be  realized  that  a  great  deal  of  preliminary 

*  Described  In  the  American  Machinist  of  November  20,  1902. 
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woA  haa  to  be  done  before  a  lathe  or  other  machine  tool  can  be 
inceessMlir  put  on  a  slide  rule  of  tbo  kind  deecribed  above.  The 
feeda  and  speeda  and  pnlling  power  must  be  studied  and  tabulated 
for  bandy  reference,  and  the  driving  belts  must  not  be  allowed 


Fio.  8. 


to  fall  below  a  certain  tension,  and  must,  in  eveiy  way,  be  kept 
ID  first-class  condition. 

42.  In  some  cases  it  also  becomes  necessary  to  limit  the  work  to 
l»donp,  not  by  the  pull  that  the  belt  can  ho  counted  on  to  cxprt, 
but  by  the  strength  of  the  gears,  and  in  order  to  quickly  figure 
iHb  matter  over  the  writer  also  designed  the  Gear  slide  rule  * 
illustrated  in  Fig.  S,  which  in  nil  incrir|)oratiou  of  the  fonnnlie 
ettabUshed  several  years  ago  by  Mr.  AViifred  I^wis. 


•  Deocribed  In  the  Amtiiean  ^aehinitt  of  July  81,  1903. 
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43.  For  the  pulling  power  of  a  belt  at  different  speeds,  tl&« 
writer  has  established  new  formulse,  which  take  accoimt  of  the  ii:*.- 
creasing  sum  of  the  tensions  in  the  two  sides  of  a-belt  with  mcrea^»- 
ing  effective  pull,  and  which  at  the  same  time  are  based  on  tb.^ 
tensions  recommended  by  Mr.  Taylor  in  his  paper  entitled  "  Not^B 


on  Belting,"  which  was  presented  at  the  Meeting  of  the  Society 
in  December,  1803. 

44.  These  formiihc  have  also  been  incorporated  on  a  slide  rule, 
but  as  the  writer  hopes  at  some  future  time  to  prepare  a  separate 
paper  on  this  subject,  he  will  not  go  into  this  matter  any  further 
at  the  present  time. 

45.  Having  thus  given  an  outline  of  the  use  of  the  slide  rule  sys- 
tem of  predetermining  the  feeds  and  speeds,  etc.,  at  which  a 
machine  tool  ought  to  be  run  to  do  a  piece  of  work  in  the  shortest 
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possible  tiine,  the  writer,  who  has  made  this  matter  an  almost  ex- 
clusiTe  Btudy  during  the  last  four  yeara,  and  who  is  at  present  en- 
giged  in  introducing  the  Instruction  Card  and  Functional  Fore- 
Dunship  System  into  two  well-known  Philadelphia  machine  shops, 
whidi  do  B  great  variety  of  work  in  both  steel  and  cast  iron,  will 


merely  add  that,  in  view  of  the  results  be  has  already  obtained, 
in  conaection  with  the  resulta  obtained  at  Bethlehem,  the  usual 
Tgy  of  running  a  machine  shop  appears  little  less  than  absurd. 

46.  Thus  already  during  the  iirst  three  weeks  of  the  application 
of  the  slide  rules  to  two  lathes,  the  one  a  27  inch,  the  other  a  24 
inch,  in  the  larger  of  these  shops,  the  output  of  these  was  increased 
to  such  an  extent  that  they  quite  unexpectedly  ran  out  of  work 
on  two  different  occasions,  the  consequence  bt'iiig  that  the  super- 
ioteodent,  wbo  had  previously  worried  a  good  deal  about  how  to 
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get  the  great  amount  of  work  on  hand  for  these  lathes  out  o: 
way,  suddetly  found  himself  confronted  with  a  real  difficult 
keeping  them  supplied  with  work.  But  while  the  truth  of 
statement  may  appear  quite  incredible  to  a  great  many  persoi 
the  writer  himself,  familiar  and  impressed  as  he  has  be 
with  the  great  intricacy  involved  in  the  problem  of  determi 
the  most  economical  way  of  running  a  machine  tool,  the  ap] 
tion  of  a  rigid  mathematical  solution  to  this  problem  as  ag 
the  leaving  it  to  the  so-called  practical  judgment  and  exper: 
of  the  operator,  can  not  otherwise  result  than  in  the  exposu 
the  perfect  folly  of  the  latter  method. 
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No.  1011.* 

MODIFYING  SYSTEMS   OF  MANAGEMENT. 

BY  H.  L.  OANTT,   SCHBNBCTADT,  N.  T. 

(Member  of  the  Society.) 

1.  At  the  Saratoga  meeting  the  papers  on  shop  management 
and  the  allied  subjects  covered  such  a  broad  field  that  a  thorough 
discussion  of  them  in  the  time  available  was  practically  impossible, 
and  consequently,  as  the  writer  has  since  found  in  going  over  the 
subject  with  members,  many  of  the  most  important  points  in  those 
papers  were  not  brought  out. 

2.  Most  of  the  people  the  writer  has  talked  with  regarded  the 
various  things  advocated  as  individual  propositions,  and  approved 
^'1  comlcinncd  according  as  they  saw,  or  did  not  see  how  they  could, 
or  could  not  be  adapted  to  their  works  and  their  existing  system 
of  management.     Many  people  apparently  would  like  to  adopt 
some  of  the  ideas,  but  do  not  see  how  they  can  do  so  without 
making  radical  changes.     This  is  due  to  the  fact  that  few  plants 
have  in  practical  operation  the  basis  on  which  the  whole  system 
depends  for  its  ultimate  success,  namely  a  complete  and  accurate 
system  of  getting  a  record  of  all  work  done  each  day,  and  the 
amount  of  time  spent  in  doing  it.     In  other  words  a  means  of 
knowing  in  the  office  whether  every  order  has  been  properly  car- 
ried out  or  not,  without  actually  going  out  into  the  shops  and  inves- 
tigating.    Whether  the  whole  systena  as  advocated  is  adopted  or 
not  this  part  is  of  great  value  to  any  manager,  superintendent  or 
foreman,  and  can  usually  be  gradually  introduced  without  stirring 
up  any  serious  opposition.     As  a  matter  of  fact  it  has  been  the 
writer's  experience  that  all  good  men  welcome  such  a  system  and 
<ln  all  tiioy  can  to  get  it  in  operation;  and,  if  a  little  time  is  taken, 
a  radical  change  may  be  made  by  methods  that  are  not  at  all  revo- 
lutionary. 

♦  Preb<?nte<i  at  tbe  New  York  meeting  (December,  1903)  of  the  American  So- 
cietT  f>f  MecUanical  Engineers,  and  forming  part  of  Volume  XXV.  of  tbe  Trans- 
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3.  A  Complete  System :  Eef  erring  again,  however,  to  the  vie^v 
of  the  members  regarding  the  methods  advocated  at  the  Saratog: 
meeting,  it  seems  that  few  have  grasped  the  idea  that  what  wai 
advocated  was  not  a  series  of  isolated  propositions,  but  a  systen] 
of  management  having  a  number  of  parts  working  in  harmonj 
with  each  other,  designed  first  to  find  out  in  detail  what  the  maxi- 
mum output  of  a  plant  should  be,  and  then  to  make  it  to  the  in- 
terest of  all  concerned  to  obtain  day  after  day  that  maximum 
output. 

4.  Different  Views:  As  an  example  of  how  diverse  the  criticisms 
of  the  papers  were,  I  may  quote  some  of  the  extreme  ones. 

5.  One  man,  the  manager  of  a  large  plant,  thought  that  if  the 
methods  advocated  by  Mr.  Taylor  were  attempted  in  his  plant 
there  would  be  a  strike  at  once. 

6.  A  second  man  did  not  see  why  we  did  not  compel  a  workman 
to  give  the  maximum  output  without  extra  compensation  if  wc 
knew  how  it  should  be  done. 

7.  A  third  man  said  to  the  writer,  "  Now  for  the  first  time  1 8e( 
how  you  can  get  the  maximum  output  from  your  shop  withou' 
having  trouble  with  your  men,  and  if  you  carry  out  the  method 
described  I  don't  see  how  you  can  have  trouble." 

These  opinions,  being  those  of  well-known  and  prominent  men 
are  worthy  of  careful  consideration. 

8.  Analysis  of  Opinions:  Kegarding  the  first  opinion,  that  thi 
introduction  of  the  methods  advocated  by  Mr.  Taylor,  and  it  wa 
the  study  of  unit  times  that  was  especially  referred  to,  wouL 
produce  a  strike  in  his  works,  the  reply  is  that  stcch  study  ha 
jiever  yet  caused  a  strike.  That  it  is  possible  to  cause  a  strike  ii 
almost  any  plant  by  doing  this  work  in  an  obnoxious  way  is  ub 
doubtedly  true ;  but  it  is  equally  true  that  the  work  may  be  don 
without  serious  opposition  in  almost  any  plant  if  sufficient  tim 
and  patience  are  devoted  to  it.  It  is  realized,  however,  only  b; 
those  who  have  actually  done  the  work  how  much  time  an< 
patience  may  be  needed,  and  a  man  who  undertakes  this  worl 
without  the  experience  of  others  to  guide  him  is  apt  to  be  dis 
coiiraged,  for  lie  will  find  that  his  progress  is  extremely  slow. 

9.  On  the  other  hand  if  the  workmen  are  so  united  in  thei 
determination  that  no  one  man  can  be  found  who  will  follow  th 
-vvishes  of  the  management  and  do  exactly  what  is  wanted  withou 
objecting  to  having  the  details  observed  and  recorded,  it  woul« 
seem  desirable  to  get  such  a  man  as  soon  as  possible.    This,  ho\i 


ICODIFYIKG  SYSTEMS  OF  MANAGEMENT.  65 

ever,  is  a  condition  the  writer  has  never  come  across;  and,  while 
it  may  exist,  is  certainly  very  rare,  and  probably  does  not  exist  at 
all  in  any  large  plant,  although  it  may  take  some  time  and  patience 
to  find  the  right  man.  When  a  start  has  been  made  and  the  good 
men  begin  to  realize  that  what  is  being  done  is  for  their  advan- 
tage as  well  as  for  that  of  the  company,  there  need  be  no  trouble 
provided  men  are  allowed  to  see  the  results  of  one  step  before 
another  is  taken. 

10.  The  Second  Opinion:  That  if  we  knew  how  to  get  the 
maximnm  output  of  a  machine  we  should  compel  the  workmen  to 
get  it  without  extra  compensation  is  not  in  keeping  with  the 
spirit  of  the  age.  We  cannot  to-day  in  this  country  compel  any- 
Wv  to  do  anything.  The  employer  must  concede  to  the  work- 
man what  he  demands  for  himself — that  he  be  allowed  to  do  what 
he  believes  it  to  be  his  interest  to  do.  In  other  words,  when  the 
employer  has  decided  upon  what  he  believes  to  be  his  interest,  his 
only  successful  method  of  procedure  is  to  make  it  to  the  interest 
of  the  workman  to  do  what  is  wanted.  It  may  take  time  and 
patience  to  make  the  workman  realize  what  his  true  interest  is  and 
see  it  in  the  same  light  as  the  employer  does,  and  unions  may 
oppose  it;  but  if  the  inducement  is  a  fair  one  and  the  employe 
is  subjected  to  no  real  hardship  it  is  only  a  question  of  time  when 
somebody  will  be  found  of  sufficient  independence  to  work  for 
his  own  interest 

11.  The  Third  Opinion:  That  these  methods  properly  carried 
out  should  give  the  maximum  output  and  be  practically  an  insur- 
ance against  labor  trouble  the  writer  leaves  for  the  comment  of 
others.  Suffice  it  to  say  that  the  writer  is  finding  an  increasing 
number  of  men  that  are  looking  at  the  matter  in  that  light,  and 
Mking  for  information  as  to  the  best  method  of  beginning  this 
work  under  the  conditions  that  exist  in  their  shops. 

12.  Introducing  New  Methods :  It  must  always  be  borne  in  mind 
that  everybody  is  suspicious  of  new  methods,  and  that  the  only 
way  to  remove  this  suspicion  is  to  show  them  that  the  new 
methods  are  going  to  help  them  in  their  work.  If  the  first  thing 
that  is  started  is  helpful  to  somebody,  it  will  not  "be  long  before 
there  is  a  sentiment  in  favor  of  the  new  system.  The  time-keeping 
department  and  the  foremen  usually  find  the  system  of  daily  re- 
turns from  the  men  of  such  assistance  to  them  that  it  soon  has 
their  rapport,  and  when  the  Graphical  Daily  Balance  begins  to 
show  up  weak  spots  the  best  foremen  realize  they  have  at  their 
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command  an  instrument  which  will  help  them  to  increase  the 
eflBciency  of  their  work  by  enabling  them  to  put  their  efforts  where 
they  are  most  needed. 

Having  thus  stimulated  an  interest  in  making  improvement, 
the  value  of  the  detail  methods  as  advocated  by  Mr.  Taylor  will 
soon  be  realized,  after  which  their  adoption  ia  only  a  question  of 
time. 

13.  The  Office :  The  remarks  so  far  have  been  with  reference 
to  the  shop,  but  they,  are  equally  applicable  to  the  office,  for  to 
have  a  schedule  of  what  should  be  done  in  the  office  each  day  and 
a  graphical  representation  on  that  schedule  of  what  was  done  is 
of  great  advantage  to  the  management,  and  is  essential  to  proper 
harmonious  relations  between  the  office  and  the  shop.  Indeed  to 
be  able  to  make  quickly  each  day  such  comparisons  as  the  follow- 
ing for  the  day  before  is  quite  as  important  as  to  make  similar 
comparisons  of  the  shop  work : 

What  drawings  should  have  been  completed, 

What  drawings  were  completed, 

What  purchase  orders  should  have  been  placed. 

What  purchase  orders  were  placed. 

What  material  should  have  been  received. 

What  material  was  received. 

14.  It  also  costs  but  little  to  make  readily  available  each  day  a 
knowledge  of  what  has  been  spent  in  labor  and  material  on  any 
piece  of  work  up  to  the  close  of  the  day  previous. 

DISCUSSION. 

Mr,  Clins,  D.  Parker. — The  discussion  has  been  almost 
wholl}"  confined  to  the  management  and  the  workmen.  I  would 
like  to  make  an  inquiry  of  Mr.  Gantt  and  others  who  have  put 
the  matter  in  practice:  How  about  the  intermediary  agent,  the 
foreman?  What  does  he  get  out  of  it,  and  how  much  in- 
terested is  he  in  putting  it  through?  Does  he  get  his  pay 
raised  when  the  men  under  him  increase  their  earnings?  Does 
he  like  it  when  some  of  the  men  under  him  make  much  more 
than  lie  does,  and  is  there  any  difficulty  arising  in  putting  this 
method   in  practice   from  that  source? 

Mr,  Gavit.* — I  will  say  that  the  method  adopted  at  the  Beth- 

*  Author's  Closure  under  the  Rules. 
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Ifhem  Steel  Company's  Works,  when  a  number  of  men  working 
under  a  foreman  each  had  instructions  for  doing  his  work  and  a 
^)nus  for  the  accomplishment  of  that  work  in  the  time  stated  was 
as  follows:  the  foreman  was  given  a  bonus  in  proportion  to  the 
number  of  men  who  earned  their  bonuses  and  an  extra  bonus  if  all 
of  them  earned  it.     It  was  thus  made  to  the  interest  of  the  fore- 
man to  give  his  attention  to  the  poorer  workmen,  and  not  to  the 
best  workmen,  who  needed  attention  least ;  that  worked  very  satis- 
factorily at  Bethlehem.     I  also  know  of  another  concern  that  is 
putting  the  same  plan  into  operation  now — an  entirely  different 
iind  of  plant. 
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No.  1013.* 

IS  ANYTHING   THE  MATTER   WITH  PIECE  WOBKf 

BT  FRANK  RICHARDS,  NEW  YORK  CITT. 

(Member  of  the  Society.) 

1.  The  title  of  this  paper,  if  perhaps  slangy  in  form  is  not  so  ii 
fact,  and  is,  I  think,  fairly  characteristic  of  what  follows.  I 
may  be  frankly  stated  that  the  purpose  is  not  so  much  to  conve 
information  as  it  is  to  provoke  discussion  and  to  accumulat 
knowledge  upon  one  of  the  unsettled  questions  and  one  of  tk 
most  important  which  can  engage  the  attention  of  this  Societ 
It  is  also  one  which  can  most  affect  the  interests  of  its  membe: 
and  of  those  most  interested  with  them  in  the  safe  and  successfi 
conduct  of  business.  A  perfunctory  "  sitting  down  "  upon  tl 
paper  is  not  all  that  any  one  could  properly  desire  and  cann 
possibly  close  the  case. 

2.  Attention  is  invited  to  tlie  accompanying  diagram  (Fig.  S 
which  is  easily  understood.  The  purpose  of  it  is  to  show  the  actu 
earnings  of  the  workman,  and  of  course  also  the  labor-cost  to  tl 
employer,  for  any  given  amount  of  work  done  under  either  dj 
work  or  piece  work  at  different  rates,  the  Kowan  premium  syste 
and  ^Ir.  Halsey's  premium  plan.     The  amount  of  work  done 

*  Presented  at  the  New  York  meeting  (December,  1903)  of  the  American  I 
ciety  of  Mechanical  Engineers,  and  forming  part  of  Volume  XXV.  of  the  Trm 
actions. 

\  For  further  discussion  on  this  topic  consult  Transactions  as  follows  : 
No.  34^,  vol.  X.,  p.  600  :  "Gains  Sharing  '     II.  R.  Towne. 
No.  449.  vol.  xii.,  p.  755  :  "  Premium  Plan."     F.  A.  Halsey. 
No.  647,  vol.  xvi.,  p.  850  :  "  Piece  Kate  System."     F.  VV.  Taylor. 
No.  909,  vol.  xvii.,  p.  1040  :  '*  Drawing  Uoom  and  Shop  System."    F.  O.  Ball. 
No.  928.  vol.  xxiii.,  p.  341  :  **  Bonus  System  for  Rewarding  Labor."    H.  L.  Gan 
No.  965,  vol.  xxiv.,  p.  250  :  "Gift  Proposition  for  Paying  Workmen."    Fra 

Richards. 
No.  1001,  vol.  xxiv.,  p.  1302:  "  The  Machine  Shop  Problem."    Charles  Day. 
No.  1002,  vol.  xxiv.,  p.  1322  :  **  Graphical  Daily  Balance  in  Manufacture." 

L.  Gantt. 
No.  1003,  vol.  xxiv.,  p.  1837  :  "  Shop  Management.'^    F.  W.  Taylor. 
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rrpresented  by  the  lengtha  of  the  horizontal  lines  and  the  wages 
paid  are  represented  by  the  vertical  lines. 

3.  As  the  Kowan  system  is  not  in  use  in  this  country  all  may 
not  understand  its  basis  of  computation.  It  starts  with  a  fair  day's 
work,  although  that  may  not  be  the  term  used  to  designate  it. 
The  unit  assumed  is  the  amoimt  or  quantity  of  work  which  the 
man  should  ordinarily  be  expected  to  do  in  a  day  for  the  ordinary 
day^s  wage  without  any  special  inducement.  The  premium  is 
earaed  only  by  the  work  which  is  done  in  excess  of  the  regular 
da/s  work,  and  the  premium  earned  is  according  to  the  time 
saved  in  doing  the  work.  If  double  the  work  is  done  in  the 
given  time  then  one-half  the  time  is  saved  and  the  man  is  paid 
one-half  in  addition  to  liis  regular  wages.  If  the  man  does  one 
and  a  half  times  his  day's  work  then  one-third  of  the  time  is  saved 
and  he  is  paid  one-third  more  than  his  day's  wages,  and  so  on. 
The  basis  of  computation  is  thus  fixed  and  cannot  be  juggled  with, 
but  the  inducement  constantly  decreases  with  the  amount  of  work 
done,  so  that  whatever  a  man  may  do  he  can  never  by  any  pos- 
sibiKty  double  his  earnings.  Mr.  Halsey's  premium  plan,  of 
course,  requires  no  explanation  here,  and  it  will  be  designated 
hereafter  as  the  premium  plan. 

4.  Referring  to  the  diagram  it  will  be  seen  that  both  day  work 
and  piece  work,  whatever  the  rate  of  the  latter,  are  represented 
throughout  by  straight  lines.  A  discouragement  curve  represents 
the  Rowan  premium  system  and  Mr.  Halsey's  premium  plan  has 
a  bend  sinister.  It  was  impossible  to  include  Mr.  Gantt's  bonus 
system  in  the  diagram  because  a  part  of  it,  the  part  where  you  do 
not  quite  earn  the  bonus,  must  be  represented  by  an  invisible 
line. 

5.  It  cannot  fail  to  strike  the  observer  at  once  that  in  the  pre- 
mium plan  the  work  which  is  done  in  the  earning  of  the  premium 
is  straight,  absolute  piece  work.  The  name  cannot  disguise  it.  The 
line  m  the  diagram  for  the  premium  plan  at  one-half  rate  is  ex- 
actly parallel  to  the  half  rate  piece  work  line,  the  wages  earned 
rise  equally  in  each  with  equal  increments  of  work  done.  So  the 
three-eighth  premium  rate  is  parallel  to  the  three-eighth  piece 
work  rate,  and  so  on.  If  in  making  the  premium  plan  bargain, 
the  proposition  were  made  to  the  man  to  first  do  his  allotted  quota 
and  be  credited  with  his  day's  wages  and  that  then  he  should  go 
to  work  by  the  piece  for  the  remainder  of  the  day  at  one-half 
the  day  rate,  that  would  be  the  premium  plan  in  every  particular. 
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6.  The  partial  piece-work  character  of  the  premium  plan 
undeniable,  a  paper  whose  topic  is  piece  work  must  claim  the 
to  handle  it  freely  and  without  apology.  The  premium  plai 
invented  by  its  originator  nineteen  years  ago ;  it  was  put  in  ( 
tion  in  the  shop  at  Sherbrooke,  Canada,  thirteen  years  ago 
was  first  brought  to  the  notice  of  this  Society  in  a  paper  t 


years  ago.  The  plan,  I  know,  has  been  proposed  and  advc 
in  all  honesty  of  purpose;  it  has  beeu  pushed  with  eamei 
and  persistency.  As  a  result  the  premium  plan  is  in  operati 
a  few  machine  shops  and  nowhere  else.  I  venture  the  pei 
opinion,  based  on  the  fullest  available  information,  that  pe 
two  per  cent,  of  the  machine  work  in  the  United  States  is 
under  the  premiiun  plan,  while  ten  times  as  much  is  done  I 
disguised  piece  work  and  much  more  than  half  is  still  done  I 
day. 
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7.  It  is  not  at  all  apparent  that  there  are  any  peculiar  condi- 
tions in  the  machine  shop  which  demand  any  different  plans  of 
wage  adjustment  than  are  prevalent  in  the  other  trades.  While  a 
bowledge  of  the  premium  plan  is  now  widespread,  the  plan  has 
not  made  itself  appear  so  good  a  thing  that  any  of  the  other  trades 
have  taken  it  up.  It  would  not  work  with  the  shoemakers  of 
Lynn,  the  hatters  of  Danbury,  the  glovemakers  of  Gloversville, 
or  the  stitchers  and  starchers  in  the  collar  shops  of  Troy,  for 
they  all  work  by  the  piece,  as  do  most  of  the  manufacturing 
trades,  and  the  ultimate  possibilities  of  economical  production 
are  thereby  secured  as  completely  as  they  can  ever  be  claimed 
to  be  under  the  premium  plan. 

8.  We  might  by  an  effort  imagine  the  effect  of  proposing  the 
premium  plan  to  one  of  the  trades  outside  the  machine  shop.  Let 
it  be  tried  on  a  lot  of  bricklayers.  Say  that  it  is  first  agreed  that 
the  day's  wages  are  earned  when  five  hundred  bricks  are  laid,  and 
that  the  premium  plan  begins  right  there.  The  bald  proposition  is, 
first,  that  if  five  hundred  bricks  are  laid  five  himdred  bricks  will  be 
paid  for.  This  is  so  far  meant  to  be  an  honest  bargain  on  both 
sides.  If  you  don't  lay  another  brick  above  the  five  himdred  we 
will  have  no  cause  of  complaint.  Well,  now,  having  agreed  to  pay 
for  the  laying  of  the  five  hundred  bricks,  when  the  five  hundred 
bricks  are  laid  go  on  and  lay  as  many  more  as  you  can.  If  you 
lay  seven  hundred  and  fifty  bricks  we  will  pay  you  for  laying  six 
hundred  and  twenty-five  bricks;  if  you  lay  one  thousand  bricks 
we  will  pay  you  for  laying  seven  hundred  and  fifty  bricks,  and  so 
on.  It  will  be  very  plain  that  under  this  arrangement  the  workmen 
J'rc  clearly  the  gainers,  for  if  you  lay  inoro  bricks  you  got  some 
more  money,  and  every  additional  cent  you  get  is,  of  course, 
clear  gain  to  you.  The  absurdity  of  this  thing,  when  dealing 
with  bricklayers,  is  suflSciently  evident;  are  machinists  so  vastly 
different  from  bricklayers  ? 

9.  They  must  be  different  or  else  there  are  some  things  about 
the  premium  plan  upon  which  I  need  information,  and  I  take  this 
way  to  get  it.  One  of  the  inherent  and  inseparable  conditions  of 
^he  scheme  would  seem  to  be  the  voluntary  acceptance  of  it  by 
the  individual  workman.  It  depends  entirely  upon  himself  how 
niurh  the  man  shall  do  after  the  allotted  amount  for  the  day's 
work  IB  done.  He  may  do  much  or  he  may  do  little,  and  therefore 
if  he  80  chooses  he  may  do  none  at  all,  but  just  be  content  to  work 
along  at  his  usual  rate  and  just  earn  his  day's  wages.     The 
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premium  plan  as  I  understand  it  is  ostensibly^  entirely  a  coax 
and  not  at  all  a  driving  plan;  and  yet  it  is  a  matter  of  comi] 
knowledge  that  in  the  State  of  }f  ew  York  alone  there  have  b 
two  determined  strikes  against  the  premium  plan  in  the  past  yt 
This  seems  odd.  If  you  don't  choose  to  do  what  you  are  f ormi 
and  distinctly  allowed  to  choose  whether  you  will  do  or  not,  ts 
possibility  for  a  strike  can  there  be  in  that?  Can  it  be  1 
premium  plan  enthusiasts  sometimes  venture  to  put  on  to 
plan  some  features  which  do  not  belong  to  it?  I  cannot  ima| 
any  other  way  in  which  a  strike  could  be  possible. 

10.  If  they  can  tag  things  on  and  objectionably  modify  the  ] 
mium  plan  they  can  also  knock  things  off.    The  one  essential  a 
guard  of  the  premium  plan  continually  insisted  upon  is  that  tl 
shall  be  no  cutting  of  rates  when  once  established.     This  n 
inevitably  involve  injustice,  because  prices  both  of  labor  anc 
finished  products  change  continually,  and  there  must  be,  if  jufi 
is  to  prevail,  sometimes  a  cutting  of  rates  and  sometimes  an 
vance  of  rates.    So  far  as  it  is  possible  to  fix  honest  prices,  an( 
maintain  them  there  as  long  as  it  is  just  to  bo.th  sides  to  do  » 
can  be  done  as  well  with  straight  piece  work  as  with  any  prem 
plan,  and  is  so  done.    For  instance,  I  have  knowledge  of  an  es 
lishment  in  the  machine  line,  whose  identity  I  must  not  disci 
where  fifteen  hundred  men  are  employed  and  where  piece  v 
prevails  in  all  departments,  so  that  90  per  cent,  of  the  pro 
tive  work  of  the  entre  establishment  is  done  by  piece  work, 
it  may  be  said  of  that  establishment  that  there  is  no  cutting 
rates  there,  just  as  truly  as  I  suppose  it  is  ever  said  of  works  w] 
the  premium  plan  is  in  use.    All  prices  when  made  run  for  a  y 
They  are  not  arbitrarily  imposed  by  the  employer  or  his  re 
sentatives,  but  are  the  outcome  of  fair  and  free  and  friendly 
ference,  and  when  changes  of  price   are  imperative  they 
adjusted  again  in  the  same  way.     The  works  are  prosperous 
tinually,  and  the  relation  of  employers  and  employes  are 
strained  than  they  were  under  other  arrangements. 

11.  It  must  be  evident  tliat  none  of  these  premium  or  bo 
or  other  curved  or  bent,  or  defective  line  schemes,  whatever  1 
may  claim  in  the  way  of  quickening  the  pace  of  the  worker 
increasing  the  output,  can  be  the  most  effective,  for  the  rei 
that  they  offer  a  reduced  incentive  at  the  precise  time  when 
need  of  incentive  is  most  urgent.  It  is  the  last  piece  done  w 
comes  the  hardest,  and  it  is  absurd  to  offer  the  man  half-pric 
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for  doing  it.  With  either  of  the  premium  plans  doing  its 
best  in  the  way  of  increased  output  and  reduced  labor  cost  per 
unit,  and  with  piece-work  prices  adjusted  to  precisely  the  same 
price  per  piece,  the  inducement  to  the  worker  to  increase  his  out- 
put still  further  must  be  greater  under  the  piece  work  than  under 
the  premium  plan.  The  guarantee  that  prices  shall  not  be  cut 
is  precisely  as  applicable  to  piece  work  as  to  the  premium 
plan.  The  latter  has  absolutely  no  monopoly  of  honesty,  no 
assurance  of  price  maintenance  any  more  than  the  other. 
With  equal  temptation  to  cut,  and  with  the  same  human 
nature  in  the  boss,  the  chances  of  cutting  will  average  precisely 
qual. 

12.  With  no  one  having  the  slightest  interest  in  pushing  or  ad- 
vertising piece  work,  it  is  advancing  on  its  merits  as  the  most 
honest  way  of  paying  for  repetitive  work  in  the  machine  trade  as 
in  all  others.  It  is  worth  while  to  note  its  popularity  and  progress 
(specially  in  the  extensive  line  of  railroad  work.  The  testimony 
at  the  meetings  of  the  various  railroad  organizations  is  very  pro- 
nounced in  this  direction.  At  the  meeting  this  summer  of  the 
Railroad  Master  Blacksmiths  one  man  stated  that  absolutely  every 
job  in  his  shop  was  done  by  the  piece.  When  the  price  could  not 
he  placed  on  the  work  to  be  done  it  was  placed  on  the  "  heat." 
Perhaps  it  may  not  always  be  possible  to  do  this  in  the  machine 
shop,  but  whenever  the  opportunity  arises  to  consider  the  mode  of 
payment  it  should  always  be  in  order  to  ask:  Is  Anything  the  Mat- 
ter with  Piece  Work? 

DISCUSSION. 

Mr,  Ilarringion  Emerson, — »Tust  two  years  ago  I  was  fortunate 
<*nouph  to  have  Mr.  F.  W.  Taylor  explain  to  iiie  his  principles 
•'f  shop  directions,  and  the  results  that  he  had  obtained.  It  is 
Mr.  Taylor's  great  merit  that  he  first  applied  these  principles 
t'»  machine  shops,  but  they  are  as  old  as  humanity,  and  consist 
*n  sotting  a  definite  task,  in  directing  its  execution  and  in  appor- 
tioning the  reward  according  to  the  deed.  Thirty  years  ago  I 
'nado  my  first  acciuaintance  with  these  methods  in  the  strictest 
•»f  strict  (lernian  schools,  where  we  w(»re  put  under  functional 
t^'achers,  ten  or  twelve  different  men  each  day,  where  we  were 
■Hotted  to  the  particular  classes  for  which  our  uneven  attaiu- 
niPHt*  fitted  us :  one  boy  in  the  highest  English  and  lowest  mathe- 
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maticfl,   his  twin   hrotlior  j)erliaps  in  highest  mathematics  and 
medium  Englisli,  where  our  methods,  books,  appliances,  hours 
were  strictly  ])hnmed  for  iis,  our  tasks  set  up  to  the  full  limit  of 
our  capacity,  and  wliore  we  were  nnvarded  as  individuals,  not  as 
members  of  a  class.     In  the  middle  of  the  term  a  boy  might  be 
cither  promot(Ml  or  debased,  yet  it  was  open  to  each  to  secure  the 
sam(»  highest   nuirks,  and  with  the  marks  much-prized  rewards* 
and  special  ])rivileges. 

The  results  in  that  school  were  astonishing.  The  great 
niajority  of  the  boys  learned  more  in  eighteen  months  than  other 
schools  could  teach  in  four  years,  because  there  was  no  waste 
time,  no  waste  process,  no  waste  effort;  it  was  time  unit  study, 
functional  foremanship  and  differential  ])iece  work. 

At  our  meeting  in  Saratoga  this  year,  IMr.  Taylor  presented 
in  [>rintcd  form  a  full  statement  of  his  fundamentiil  principles, 
and,  in  my  estimation,  it  will  be  many  years  before  anything  of 
more  than  detail  value  can  l)e  added  to  his  work.  My  copy  of 
his  book  is  worn  out  with  thumbing  of  the  leaves,  and  marking 
of  ini])ortant  ])assages.  J  discovered  that  it  would  have  been 
easier  to  mark  tin*  few  s(*ntences  here  and  there  that  were  not 
of  ])rini(?  importance;  yet,  for  our  fellow-member,  Mr.  Frank 
liiehards,  it  is  as  if  .Mr.  Tavh)r's  work  had  never  been  made 
])ul)lic. 

What  is  the  matter  with  piece  w^ork?  Everything  is  the 
matter  with  it.  It  is  a  lazy,  haphazard  method  of  shifting 
responsibility  and  direction  from  emjdoyer  to  employee.  It 
works  for  deception  in  the  latter,  aiul  gives  us  a  long  string  of 
broken  promises  from  the  former;  it  is  hated  and  opposed  by 
the  unions,  an<l  with  reason ;  it  brought  on  the  great  Union 
Pacific  strike  last  year,  which  is  not  yet  finally  settled.  Piece 
work  nudces  no  ])rovision  for  justice,  and  any  system  is  wrong 
that  is  not  based  on  justice.  In  some  of  the  great  Burlington 
shops  *'  Xovo  '"  and  other  modern  steels  have  been  introduced, 
dcubling  th(»  output  of  the  workman  without  extra  effort  on  hb 
part,  yet  the  supcrinten(h'nt  of  motive  ])ower  told  me  that  piece 
v/ork  rates  would  n"ot  Ix"  changed,  and  in  the  Union  Pacific  shops 
men  came  an<l  askcMl  the  ])rivilege  of  ])aying  for  their  own  modem 
tools  if  ])iece  rates  would  he  left  unaltere<l. 

'i'lie  fumlameiital  trouble  with  piece  work,  in  addition  to  it^i 
lack  of  justice,  is  that  it  makes  the  worknum  sell  what  is  not  his 
to  sell,  namely,  OLTPUT.     When  .Mr.  J.  J.  Hill  formulated 


IS  ANYTHING  THE   MATTER   WITH   PIECE  WORK?  75 

his  famous  principle  that  railroad  expenses  were  by  the  train  mile 
and  receipts  by  the  ton  mile,  neither  his  train  crews  nor  himself 
ever  dreamed  of  putting  the  pay  of  the  men  on  a  tonnage  basis. 
The  engineer  who  hauls  sixty  80,000-pound  cars  with  a  hundred- 
ton  engine  gets  no  more  than  the  engineer  who  obeys  ojders, 
standing  for  hours  on  a  side  track.  The  engineer  sells  his  time, 
his  skill,  his  intelligence,  his  obedience,  but  never  output,  because 
that  de|)en(ls  on  conditions  over  which  he  has  no  control;  and  it 
lias  always  been  a  wonder  to  me  that  railroads  which  manage 
their  train  problems  should  be  so  backward  in  their  machine- 
j^hop  practices  and  methods. 

What  the  employe  sells,  whether  in  office  or  shop,  is  not  his 
"output,"  but  primarily  his  time  and  his  skill,  incidentally  his 
intelligence  and  his  obedience. 

That  many  shops  pay  by  piece  work  is  no  argument  in  favor 
of  the  plan,  since  more  shops  pay  by  day  work ;  and,  as  Mr. 
I^rth  in  his  slide  rule  paper,  presented  at  this  meeting,  only  too 
moderately  remarks,  the  usual  way  of  running  a  machine  shop 
aj>|>ears  little  less  than  absurd. 

The  exi>eriences  of  Mr.  Taylor,  Mr.  Gantt,  Messrs.  Dodge  and 
Hav,  Mr.  Barth,  mvself  and  Mr.  Parkhurst,  who  have  carefuUv 
studied  the  output  and  results  in  innumerable  machine  shops, 
prove  that  the  wastes  going  on  are  more  than  absurd.     As  an 
example  of  old  practice  against  new,  I  hold  in  my  hands  the 
original  figures  of  the  skilled  and  competent  engineer  of  a  large 
shop,  who  estimated  the  cost  of  a  certain  job  at  $4,575,  of  which 
M,;J0<)   for  materials  and   $1,275   for   labor.     The   work  came 
nnder  my  direction  after  it  was  one-third  completed,  and  was 
pulJjMl  off  with  four  men  in  three  months  for  a  total  cost  of 
$:U7r>.05>,   of    which    $622.79   for    labor,   netting    a    profit  of 
$1,824.91,  instead  of  $629,  as  estimated — nearly  three  for  one, 
vet  some  of  the  men  on  that  job  were  paid  a  bonus  of  nearly 
W)  |)er  cent.  alK)ve  their  regular  wages.     I  also  hold  a  routing 
vnrd  of  one  of  my  assistants,  Mr.  Parkhurst,  in  which  a  car  shop 
job,  marking  an<l  moving  200  pieces  of  oak,  was     estimated  by 
the  foreman  to  re<piire  two  days,  but  was  actually  completed  in 
-  hours,  25  minutes  on  a  50  per  cent,  bonus  basis.     This  is  what 
ilr.  Taylor's  methods  will  do  when  applied  to  an  old  time  shop. 
Ill  planning  jobs  of  this  kind  we  pay  no  attention  to  what 
luLs  or  is  being  done.     Former  practices  have  absolutely  no  inter- 
est for  us.     We  figure  out  the  time  the  job  ought  to  take  under 
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existing  conditions,  and  we  pay  the  man  a  generous  bonus,  which 
must  be  enough  to  call  out  the  best  that  is  in  him.  If  the  con- 
ditions appertaining  to  the  job  are  changed,  either  for  better  or 
worse,  we  again  determine  the  minimum  times  and  pay  the  man 
a  bonus  for  his  cooperation.  These  illustrations  show  that 
astounding  results  follow  the  plans  Mr.  Eichards  condemns 
without  understanding  them,  and  that  there  is  no  argument  what- 
ever in  appealing  to  present  ])ractices. 

Mr.  Kichards's  diagrams  and  his  reasoning  and  conclusions  are 
erroneous,  because  he  bases  them  on  output,  which  does  not 
properly  enter  into  the  matter  at  all,  as  diagrams  based  on  time 
instantly  show. 

I  assiune  in  all  cases  wages  of  25  cents  an  hour,  a  usual  time 

5  hours  for  a  given  job,  a  slow  time  of  10  hours,  a  fair  time  of 

6  hours,  a  piece  work  time  of  5  hours,  a  Taylor  bonus  time  of 
3  hours.  Time,  days,  hours,  minutes — ^in  this  case  hours — are 
measured  on  horizontal  lines,  wages  by  the  week,  day,  hour  or 
minute — in  this  case  hour  by  the  hour — are  measured  vertically. 


Diagram  1.    Day  Work. 

(a)  slow  day,  (b)  average,  (c)  fast  day  under  good  foreman. 
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Normal  cost,  8  hours  to  employer,  $2.00  ;  wapes  per  hoar,  25  cents. 
Slow        ♦'     10     "      "         *'  2.50;       "        "      "      25 

Low         •'       6     •*      ♦'         "  1.50;      "       "      "      25 
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The  onii)loyer  makes  all  the  gain  or  loss.  He  is  stimulated  to 
good  foremanslii])  and  better  equipment,  but  the  constant  tend- 
ency is  to  deterioration. 
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Diagram  2. — Piece  Work. 
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Fig.  11. 


Piece  work  cost  at  6  hours,  $1.50  ;  wages  per  hour,  .25  cents. 
**      •*     **  8      •*        1.60;      ••        "      "       .1875  cents. 


s  IS  exactly  the  reverse  of  day  work.     The  employe  makes 
•  giiin  or  loss,  and  is  afraid  to  cut  time  for  fear  wages  A\dll 


Diagram  3. — Halsey  Premium. 
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The  chief  merit  of  this  plan  is  that  it  obviates  the  necessity 
for  change  in  piece  rates.  It  has  worked  admirably  in  certain 
sliops,  steering  a  lialf-way  course  between  the  injustice  of  day 
work  and  of  piece  work,  but  it  is  not  fitted  to  cope  with  the  un- 
expected. If  there  are  no  improvements  by  the  employer  there 
is  no  reason  why  the  employe  should  not  get  in  full  the  increased 
result  due  to  his  greater  diligence  and  skill,  but  if  improvement 
is  due  to  the  employer's  better  equipment  there  is  no  justice  in 
giving  the  employe  any  part  of  it. 


Diagram  4. — Taylor  Differential  Piece. 
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(V>st  to  employer  at  3  hours,  $1.50  ;  wages  per  hour,  .60  cents. 
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If  employe  habitually  falls  below  three  hours  he  is  not  wanted. 

Here,  for  tlie  first  time,  attention  is  concentrated  on  the 
reasonal>]e  mnxinuun  of  production  and  the  reward  made  pro- 
portionately great.  Not  only  is  tliere  no  attempt  made  to  cut 
piee(»  work  prices,  but  the  reward  is  withheld  unless  the  maximum 
is  done.  The  great  difference  between  this  and  ordinary  piece 
work  is  that  ^Ir.  Taylor  demands  the  ])ayment  of  a  high  premium, 
often  100  ])or  cent.,  a  figure  that  would  frighten  most  employers, 
in  order  to  effect  maximum  reduction  in  cost.  If  the  employer 
introduces  improvements,  times  are  with  justice  shortened  biit 
not  the  })remium  per  hour;  if  equipment  deteriorates  times  must 
be  lengtJiened  but  tlie  same  premium  be  paid  per  hour. 
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Diagram  5.— Gantt  Bonus. 
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Cost  to  employer  at  6  hours,  |1 .50  ;  wages  per  hour,  .25  cents. 
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The  tlifforonce  botwoen  tho  Taylor  and  Gantt  plans  i:^  that 
t1h»  foriiH»r  i>ays  by  the  pieoe  finished  in  a  definite  time,  while 
thr  lattiT  jniys  by  the  definite  time  for  a  eompleted  job,  and  pays 
tin-  lH»tuis,  not  for  the  pieee,  bnt  for  following  instrnetions. 

Mr.  (iaiitt  does  not  admit  that  under  his  system  tlie  work- 
pjiiii  could  better  the  time  set  and  therefore  objects  to  the  snp- 
fx>>ition  of  two  hours  on  a  three-hour  job;  but  I  extend  the 
•iia^rain  theoretically  in  order  to  show  the  difference  between 
Tyylor  aii<l  (lantt.     Taylor  is  more  severe  and  more  generous. 

Aft€*r   c*arc»ful  study  of  the  Taylor  and  (lantt  diagrams,  Mr. 

rarkhiir.^t    and  myself,   adhering  al)solute]y   to   the   Taylor  and 

<»aiirr    tlic'i^ry   of  time  unit  study  and  s])ecifie   ilirections   of  all 

o|M»rjitioiis,    have  used  other  diagrams,   less  severe   than   Taylor 

«nd  <fHiitt,  and  i)ermitting  us  in  an  old  shop,  where  tool,  machine 

an<I    lalM»r    conditions  are  not  modern,  to  keep  the  ideal  always 

in  view,   yc»t  we  reward  any  gain  shown  by  the  workman.     We 

Ji'feniiiiit.*    with  all  the    skill  at  our    conmiand   the  time  a  job 

rljouM    take,  and  adopt  tho  Taylor  line,  bas(Ml  hcwcver  on  time 

an«l   not    <m  piece,  and  then  run  back  to  the  day  line. 
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Diagram  6 — Emerson  Parabolic. 
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Diagram  7 — Parkhurst  Combination. 
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The  essential  difference  between  these  diagrams  and  the  Hal- 
sey  premium  line  is  not  that  they  are  curved  and  it  is  straight, 
but  that  it  begins  with  an  accurate  and  probably  justly  deter- 
mined rate  and  drifts  mathematically,  but  not  scientifically,  into 
space. 

Mr.  Parkhurst  and  myself  begin  with  the  scientific  maximum 
of  output  and  reward  for  endeavor,  and,  as  a  mere  matter  of  shop 
convenience  curve  backwards  to  the  day  rate  line.  There  is  no 
special  merit  in  the  parabola  or  in  the  straight  line;  other  lines 
ini^ht  answer  practically  as  well.  The  main  point  is  that  a 
little  improvement  gets  a  little  taste  of  reward,  and  a  big  im- 
j)rovement  gets  a  great  big  reward. 

When  all  conditions  are  properly  under  control,  I  much  prefer 
the  Taylor  diagram  based  on  time.     There  is  something  inspirit- 
ing' in  working  out  a  minimum  time,  in  knowing  that  it  can  be 
made  with  the  regularity  that  a  train  makes  its  fast  schedule, 
in  proving  it,  in  stimulating  the  workman  to  it ;  but  it  is  equally 
<!is<'()uraging  to  workman,  to  expert  and  to  employer  to  be  wrecked 
in  full  flight  by  hard  iron  from  the  foundry,  by  variable  speed 
in  the  engine,  by  broken  belt  on  main  shaft,  by  any  unforeseen 
and  unforeseeable  delay,  and  in  such  cases  the  curve  back  to 
(iny  rate  prevents  much  trouble. 

In  all  these  diagrams,  except  day  rate,  the  employe  is  bene- 
fitted by  reduction  in  time ;  in  all  these  diagrams,  except  piece 
work,  the  employer  is  benefitted  by  reduction  in  time,  and  reward 
for  reduction  in  time  is  apportioned  exactly  as  it  should  be,  only 
l»y  the  Taylor  method  and  its  modifications. 

The  (»mployer  nmst  pay  big  bonuses  or  he  cannot  get  results. 
He  ran  afford  to  pay  big  bonuses,  for  even  if  he  gives  all  the 
pain  in  time  to  the  employe  he  makes  on  increased  efficiency  of 
jdant  and  diminished  overcharges. 

Where,  in  all  these  lines  and  curves,  when  based  on  time,  is 
th<'ro  any  support  for  Mr.  Richards's  contention  that  they  cannot 
U*  eff<H*tive  because,  as  he  claims,  they  offer  a  reduced  incentive 
at  th<»  precise  time  when  the  need  of  incentive  is  most  urgent. 
Kxaetly  the  contrary  is  true.  They  all  of  them  offer,  just  as 
piei,*e  work  does,  ever  increasing  pay,  which,  if  pushed  to  the 
theoretical  limit,  would  reduce  costs  to  almost  nothing,  and  give 
thi'  «'iiiploye  an  infinitely  large  sum  per  day. 

Mr.  H.  (i,  Schneble. — In  answer  to  the  author's  question  I  may 
add  luy  experience,  and  say  emphatically:  "  Nothing." 
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The  troubles  heretofore  attributed  to  piece  work  are  res 
not  inlierent  to  the  system,  but  to  those  who  used  the  svstf 
they  are  tlie  results  of  ignorance,  carelessness  and  cupidity. 

Improper  rates  are  the  result  of  ignorance  or  carelessn* 
When  an  operation  or  a  series  of  operations  are  carefully 
alyzed  by  a  })er8on  whose  knowledge  qualifies  him,  there  is  rai 
any  trouble  after  the  employees  are  impressed  with  the  fact  t 
fair  wages  may  be  earned  at  the  rate  fixed.  The  difficulty  li< 
tofore  has  been  that  rates  were  carelessly  made,  and  such  a  i 
is  nearly  always  higli,  and  soon  leads  to  restriction  of  output 
excites  the  cujudity  of  his  employers,  the  inevitable  in  eit 
case  l)eing  rate  cutting  and  strikes. 

It  is  much  the  same  (jualifications  that  keeps-  it  out  of  at  le 
one-half  of  the  shops  of  this  country.  The  cupidity  of  empl 
(^rs  who  have  risen  from  small  beginnings,  w^ho  in  their  beg 
ning  were  able  to  hold  all  the  details  in  their  own  heads,  a 
one  fon^man  after  another  from  the  ranks,  or  from  (which 
worse)  the  family.  It  is  impossible  to  recruit  the  necessary  al 
ity  from  such  material.  They  absolutely  refuse  to  pay  for  t 
ability,  and  all  svstem  (,r  work  done  that  cannot  be  wTitten  do 
on  a  customers  bill  is  wasted. 

I  see  nothing  in  the  Premium  plan  nor  the  Bonus  plan,  foi 
pro])er  care  is  exercised  in  setting  the  time  limits,  a  price  mij 
as  w(»ll  be  set  at  once.  'Tis  a  sugar  coating  to  fool  the  wc 
man,  or  at  b(^st  a  ste])ping-stone  toward  piece  work.  In 
Kowan  syst(^m  th(^re  is  a  corrective  ap])lied  for  excessive  ti 
limits  (e(|uals  piece  price),  llowxver,  in  the  Rowan  works 
time  limits  are  never  changed  (if  I  understand  rightly),  rio  mal 
if  methods  or  machinery  are  improved. 

I  most  heartily  (indorse  the  paper  of  Mr.  Richards.  I  mi 
add  that  in  handling  odd  work  in  a  piece-work  shop  I  foun( 
convenient  to  ado})t  what  we  termed  an  "  excursion  rate  "  g 
for  this  dav  and  date  onlv,  until  such  time  when  the  work  been 
regular  and  it  was  possible  to  set  a  stable  price. 

Mr.  (hintt. — With  regard  to  Mr.  Emerson's  statement  tha 
was  not  serious  when  I   suggested  that  when  a  workman 
better  than  his  instructions  called  for  he   should  be  made 
structor,  1  have  to  say  that  I  was  (piite  serious,  and  as  a  mai 
of  fact  one  of  the  best  instructors  I  know  was  discovered  ; 
that  wav. 

.Mr.    l-lchards'    suggestion    with    regard    to    the    West    Alb 
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shops  is  quite  in  order,  and  the  superintendent  of  those  shops 
is  quite  in  accord  with  him;  so  much  so  indeed  that  he  has 
strongly  recommended  that  this  work  be  begun  there  as  soon  as 
possible.  The  knowledge  of  what  has  been  done  in  Schenectady 
is  the  reason  for  his  action,  which  is  seconded  by  some  of  his 
foremen  who  know  the  foremen  at  Schenectady. 

Mr,  Oherlin  Smith. — There  is  one  feature  in  all  this  discus- 
sion which  needs  to  be  gone  into  further.  Everything  that  has 
l)een  said  seems  to  apply  to  manufacturing  shops.  Now  we 
must  differentiate  between  these  and  the  most  primitiv^e  kind  of 
a  shop,  the  jobbing  shop,  which  is  simply  used  for  making  odd 
things  for  people  and  for  doing  repairs.  Therein  we  cannot  well 
have  anything  much  better  than  "  day  work.''  For  this  we  must 
have  the  right  kind  of  a  foreman  and  the  right  kind  of  work- 
men, sp(»cialists  in  their  line.  Now,  at  the  other  end  of  the 
^ne%,  is  a  manufacturing  shop  where  hundreds  and  thousands  of 
things  are  all  made  exactly  alike ;  or,  at  least,  there  are  various 
component  parts  of  them  made  alike.  Therein  systems  of 
"piece"  work  or  "premium"  work  or  "bonus"  pay  are,  of 
course,  applicable,  and  they  seen\  to  have  been  thought  out  and 
(icveloped  especially  with  reference  to  such  shops,  liut  there 
iij  an  intermediate  kind  of  shop,  and  probably  the  great  majority 
of  our  machine  shops  are  of  this  class,  whether  you  call  it  mongrel 
'T  henna]>hro<lite,  or  what  not ;  semi-manufacturing  would  per- 
haps Ik.'  a  good  name  for  it.  It  has  chanced  that  my  experience 
has  been  mostly  in  a  shop  of  this  kind.  Our  product  is  presses 
and  dies  for  working  bar  and  sheet  metals.  The  dies  are  almost 
all  diffen^nt;  they  have  to  be  worked  on  the  jobbing  shop  plan 
in  a  dcjMirtment  by  themselves,  and  it  would  be  very  difficult  to 
apply  any  "  piece "  or  "  premium  "  system  to  the  work  upon 
them.  In  our  other  department  we  make  about  five  hundred 
different  kinds  and  sizes  of  presses.  In  consequence  of  making 
«*<>  many  kinds  in  a  comparatively  snuill  shop,  emiJoying  from 
ir»0  to  200  workmen,  it  has  seemed  very  difficult  to  put  in  prac- 
tici*  any  of  plans  of  payment  in  question. 

Doubtless  some  of  the  gentlemen  here  have  had  experience  in 
'-hofw  of  this  kind  and  have  tested  these  improved  methods  of 
|«yment.  The  larger  parts  of  our  machines,  such  as  the  frames, 
and  the  com|X)nent  parts  of  such  frames  as  are  of  built-up  con- 
struction must,  on  the  larger  sizes,  be  made  only  one  at  a  time, 
w  winie  certain  kind  of  machine  may  ])(*rhaps  be  ordered  only 
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once  in  a  year  or  two.  Of  course,  very  few  of  the  pieces  sl 
made  alike  and  cannot  be  made  up  in  stock  to  much  extei 
Other  more  standard  kinds  are  made  up  in  batches  of  teft.  V 
must,  therefore,  consider  things  which  are  made  in  batches 
from  one  to  ten  on  the  larger  pieces,  and,  we  will  say,  from  o 
to  fifty  on  the  small  pieces.  I  have  tried  the  premium  pi 
and  the  piece  work  plan  a  little,  but  generally  we  had  to  f 
back  on  the  old  day-work  system  on  account  of  the  great  amoi: 
of  ])0()kkeeping  involved. 

When  we  try  to  manufacture  strictly,  w^e  are  handicapped 
the  small  batches.  Furthermore,  we  are  much  bothered  wh 
customers  require  modifications  and  insist  that  a  casting  nn 
be  altered;  sometimes  th(»y  merely  want  changes  in  the  way 
equipping  with  attachments  often  varying  in  design.  Xow,  wi 
all  these  complications  how  far  can  we  apply  any  of  the  ne 
systems  ? 

In  regard  to  the  relative  merits  of  the  "  piece  work  "  and  tl 
^*  premium  ''  plan,  I  do  not  feel  competent  to  speak.  Of  cours* 
we  are  all  liable  to  meet  the  difficulties  involved  in  the  lalx 
])roblem.  The  ^'  walking  delegate  "  has  fixed  upon  the  ter 
''  ])iece  work  "  a  big  black  mark.  After  he  found  somethir 
was  being  dcme  to  get  around  him  on  that,  he  put  another  blac 
mark  over  the  word  "'  premium,"  and  then  "  bonus  "  came  und 
the  ban.  Labor,  however,  is  gradually  being  educated  in  ec 
nomics  and  will^  T  believe,  become  more  sensible.  We  mu 
hel])  it  to  learn,  and  must  sometimes  meet  it  part  way — reraei 
bering  that  there  are  two  sides  to  every  question. 

Mr,  E.  P.  Bates, — I  think  ^Ir.  Emerson  has  left  an  impn 
sion  that  he  would  not  care  to  have  remain  with  us.  As 
understood  him,  where  a  price  was  ma<le  for  piece  work  and  t 
mechanic  did  the  work  (juicker  than  was  expected,  the  profit 
went  to  the  niechani(»,  and  where  lie  did  it  slower  the  loss  we 
to  the  mechanic,  ilv  experience  is  that  it  mav  cost  from  fiJ 
cents  to  two  dolhirs  a  dav  to  furnisli  this  mechanic  with  to< 
and  su|M'rinteiidence,  inchiding  all  tlie  items  which  go  to  niaki 
the  cost  of  o])erating  a  ])lant,  and  I  tliink  that  the  operator 
the  ])lant  is  (juite  as  niueli  interest(Ml  as  is  the  mechanic  in  rega 
to  time,  and  that  the  loss  or  the  gain  comes  to  the  owner  of  t 
])lant  fully  as  jiineh  as  to  tlie  working  man. 

Mr.  EiiierHou. — Of  course,  tlie  gentleman  understands  that 
did  not  read  my  ])aper  in  full;  1  abridgcMl  it  very  much,  but 
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vou  read  it  when  published  in  the  Transactions  of  the  Society, 
vou  will  find  this  statement  in  it : 

**  The  employer  must  pay  big  bonuses,  or  he  cannot  get  results, 
lie  can  afford  to  pay  big  bonuses,  for  even  if  he  gives  all  the  gain 
m  time  to  the  employe  he  makes  on  increased  efficiency  of  plant 
and  diminished  overcharges." 

Mr,  Taylor, — At  the  risk  of  being  prosy,  and  always  coming 
up  with  some  old  remark  every  time  this  subject  is  before  the 
Society,  I  want  to  say  again  that  I  think  there  is  no  real  quarrel 
between  any  of  the  systems  of  payment  in  common  use.  It  is  a 
curious  phenomenon  that  there  are  certain  men  who  seem  to 
N^ish  to  attach  their  names  to  some  one  comparatively  small  and 
uuimiwrtant  element  in  management.  They  appear  to  be  unable 
to  see  anvthing  else  in  the  whole  line  of  management  except  their 
one  chosen  element  and  attempt  to  convince  themselves  and 
fvery  one  else  that  this  is  the  whole  art  of  management.  Appar- 
t'ntly  Mr.  Richards  looks  upon  piece  work  as  the  whole  of  this 
art.  I  have  not  heard  that  he  has  been  able  to  see  any  good  in 
anv  other  element. 

Now,  I  wish  again  to  say  what  most  of  you  have  heard  a  num- 

l>er  of  times,  but  perhaps  some  have  not  yet  heard  it,  that  to  my 

Hiind  there  is  no  quarrel  between  the  various  systems  of  paying 

nicn  which  are  in  common  use.     I  think  each  of  these  systems 

lias  its  proper  j)lace;  at  least  four  of  them  can  properly  be  used 

'n  the  same  shoj)  and  at  the  same  time,  providing  the  shop  is 

lar^  enough.     Every  large  machine  shop  in  the  country  should 

I'avc,  I  should  say,  not  less  than  four  systems  of  payment  going 

'•n  at  once  in  order  to  do  the  work  in  the  most  economical  man- 

^»<*r.    There  cannot  be  any  quarrel,  then,  between  ''  day  work  '^ 

«nd  **  piece    work "   and    Mr.    Gantt's    ''  bonus   plan "  and    the 

*  'lifferential  rate  system  "  of  piece  work  since,  as  I  pointed  out 

'u  niy  paper  on  slioj)  management  last  sj)ring,  each  plan  has  its 

"wn  individual  field  of  usefuhu^ss;  and  I  fe(»l  convinced  that  each 

'•He  has  a  fiehl  that  it  is  impossible  for  either  the  other  svstems 

<<»  entirely  fill.     And  again,  outside  of  these  plans  I  feel  that  the 

Towue-IIalsey  plan  has  a  large  field  of  usefulness,  Mr.  Richards 

^«  the  contrary  notwithstanding. 

But  back  of  all  systems  of  ])aying  men  and  underneath  them 
all,  and  of  vastly  more  importance  than  any  system  of  paying 
nien,  lies  the  true  remedy  for  the  fundamental  difficulty  between 
the  managers  and  their  workmen.      The    great    difficulty  that 
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presents  itself  is  that  in  most  cases  neither  the  one  nor  the 
know  accurately  how  much  of  any  given  work  a  good  ma 
and  ought  to  do  in  a  day.  It  is  only  in  rare  cases  that  eith 
managers  or  the  men  know  what  really  constitutes  a  day's 
And  what  I  feel  absolutely  sure  of  and  wish  ag^n  to  emp 
is  that  the  only  proper  solution  of  the  wages  question,  both 
the  system  for  paying  men  to  be  employed  and  the  compen 
to  be  paid,  lies  in  a  scientific  study  of  how  much  each  ma 
do  and  ought  to  do;  what  a  really  first-class  man  properly 
to  his  w^ork  can  do  if  he  washes  to  and  if  he  has  the  ] 
appliances.  It  is  this  study  that  is  so  much  more  importan 
the  adoption  of  any  one  system  of  paying  men,  that  by 
parison  the  differences  between  the  latter  sink  into  insignifi 

After  the  ow^ner  or  manager  is  in  possession  of  the 
knowledge  of  how  long  it  ought  to  take  to  do  the  work,  ev< 
day  Avork  plan,  w^hich  in  many  cases  is  perhaps  the  least 
factory  method,  will  produce  much  better  results  than  a 
the  other  systems  without  this  knowledge.  Of  course,  wii 
knowledge  there  is  a  choice,  and  each  one  of  the  four  sj 
lias  its  proper  place  in  every  shop. 

Mr.  Stephen  W.  BalhwilL — With  regard  to  Mr.  S 
remarks  about  cost,  it  seems  to  me  that  he  brough 
some  ideas  that  are  worthv  of  consideration  which  come 
into  actual  shop  practice,  except  where  the  factory  manufa 
a  specialty  and  makes  nothing  but  repetition  work  whicl 
not  require  any  change  of  machines.  Take,  for  instan< 
article  of  which  ten  pieces  would  be  required  at  one  tin 
a  thousand  at  another  time.  It  is  quite  obvious  that  the  m 
to  be  used  takes  a  definite  amount  of  time  to  alter,  for  it 
posed  that  each  of  the  ten  pieces  nmst  be  as  accurately  m 
any  of  the  thousand,  and  the  machine  must  therefore 
accurately  adjusted  in  either  case  and  therefore  makes  tl: 
of  production  per  piece  of  the  fewer  number  of  pieces  a 
deal  higlier  tlian  that  of  the  greater  number  on  account  o 
ing  the  same  common  fixed  expenses. 

Kegarding  Mr.  Kichards's  remarks  about  the  young  man 
lie  referred  to  as  boring  tires,  would  say  that  tliis  is  a  rema 
])erformance  presuming  it  is  on  a  single  machine  and  pa 
by  the  dav  which  does  not  seem  to  leave  much  room  for  im 
ment  on  the  piece  work  basis.  Referring  to  the  statement 
the  scarcity  of  good  foremen  and  the  be«t  manner  of  § 


IS  ANYTHING  THE   MATTER   WITH   PIECE   WORK?  87 

good  results  in  that  direction,  I  agree  with  the  gentleman  that 
as  a  general  proposition  they  are  not  well  enough  paid  for  what 
is  required  of  them,  and  if  sufficient  inducement  is  held  out  a 
good  foreman  can  be  had.  I  know  of  a  particular  case  where  a 
foreman  has  a  sub-foreman  under  him  who  has  charge  of  a  piece 
work  department,  and  although  not  as  intelligent,  yet  he  is  able 
to  earn  more  money  than  his  foreman,  which  does  not  seem 
equitable  nor  liable  to  contribute  to  the  good  feeling  of  the 
foreman. 

ilr.  E,  F.  DuBruL — I  w^sh  to  dwell  a  little  on  a  thought 
brought  forward  by  Mr.  Oberlin  Smith.  In  this  discussion  he 
has  brought  up  the  question  of  the  opposition  of  the  labor  unions 
to  "  pitH?e  work  "  and  other  methods  of  ^'  Shop  Management." 
Papers  on  "  Shop  Management "  very  frequently  state  that  no 
serious  difficulty  is  encountered  from  the  workmen  when  such 
!=ystems  are  installed.  I  should  like  to  know  whether  this  is  a 
in^neral  rule  in  foundries.  I  have  heard  of  considerable  opposi- 
tion on  the  part  of  moulders  to  the  introduction  of  any  other 
\vstem  but  straight  "  day  w^ork."  I  have  not  heard  of  many 
foundries  running  anything  but  straight  "  day  work  "  or  straight 
"  piece  work,"  and  under  both  conditions  of  "  day  work "  or 
"piece  work,"  I  am  informed  that  there  is  a  very  widespread 
<li^[)osition  on  the  part  of  moulders  to  limit  production  and  hold 
d'^wu  output. 

doming  to  the  machine  shoj)s  we  find  that  the  last  Convention 
«f  the  Machinists'  Union  adopted  a  resolution  declaring  for  the 
alnJition  of  anything  excepting  straight  "  go-as-you-please  day 
^vork,"  with  no  tasks  set,  no  premiums,  bonuses,  *'  piece  work," 
"r  anvthing  of  the  sort.  How  many  here  are  familiar  with  that 
promulgation  'i  If  this  fiat  is  to  go  into  effect,  we  must  certainly 
f'TJcon  with  the  Union  as  an  element  in  the  problem.  The 
Anthracite  Coal  Strike  Conmiission  well  says  that:  Trades 
unionism  is  becoming  a  matter  of  business  and  that  em])loyer 
Ho  fails  to  reckon  with  it  as  an  element  of  his  business  makes  a 
'^nous  mistake  and  one  which  he  will  have  to  correct  sooner  or 
later. 

Perhajw  business  conditions  next  year  will  nuike  inadvisable  the 
pro|M>so<l  movement  to  abolish  *'  piece  work."  Coining  events 
f*a>ting  their  shadows  hefore  appear  in  the  two  strikes  in  New 
iorkCity  this  year,  mentioned  by  Air.  Hicliards,  against  j)remium 
^orL     I   liai)pen  to  be   familiar   with   the   cause  of  those   two 
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strikes  and  I  can  assure  Mr.  Richards  that "  piece  work,"  premium 
work  and  all  other  similar  methods  look  alike  to  the  unions  iii 
question,  and  that  the  strikes  would  have  occurred  against  "  piece 
work  "  just  as  much  as  premium  work.  Furthermore,  it  seems  tc 
me  that  the  employers  in  question  would  have  had  more  difficult} 
in  filling  their  shops  with  non-union  piece  workers  than  they  ha( 
to  fill  them  with  non-union  premium  workers,  because  even  a  non 
union  man  docs  not  like  *'  piece  work  "  over  much. 

I  do  not  believe  that  there  is  so  much  the  matter  with  "  piec 
Avork  "  as  there  is  with  the  men  who  are  trying  to  establish  it  i 
their  shops.  The  greatest  difficulty  is  with  the  managers  wh 
*^  know  not  Jacob."  I  had  occasion  to  deal  with  such  a  case  nc 
over  two  weeks  ago.  As  you  may  all  know,  premium  work  is  ver 
largely  and  very  firmly  established  in  the  shops  in  Cincinna 
and  by  general  consent  of  the  Associated  Manufacturers  in  thj 
city  the  rule  is  that  once  a  time  limit  is  established  it  shall  nc 
be  cut  unless  a  change  has  been  made  in  the  methods  of  produ 
tion.  A  certain  shop  had  a  new  superintendent,  one  of  the  kin 
who  "  knew  not  Jacob,"  who  had  never  operated  a  premiui 
system  before  and  who  thought  to  make  a  showing  for  himse 
with  his  employers  by  cutting  down  a  time  limit  on  a  very  eflSciei 
workman,  who  did  a  sixty-hour  job  in  eighteen  hours.  Those  ( 
you  who  are  familiar  witli  tlu»  premium  or  other  similar  systei 
will  not  question  the  statement  that  such  reductions  of  time  ai 
common  on  the  part  of  workmen,  and  the  great  difference  is  vei 
largely  because  the  men  setting  the  time  limits,  while  they  ma 
have  a  guide  as  to  how  long  a  job  used  to  take,  have  absolute! 
no  way  of  knowing  how  long  a  job  ought  to  take. 

The  matter  coming  to  my  attention,  it  became  my  duty  to  inte 
view  tliat  superintendent  and  show  him  the  error  of  his  way.  H 
cut  of  a  time  limit  was  in  violation  of  the  guarantee  that  had  bee 
made  to  all  tlie  machinists  of  Cincinnati  bv  the  Associated  Man 
faeturers,  and  his  cut  would  have  wrecked  the  system,  not  only  : 
his  own  shop,  but  in  all  the  others.  If  liis  ideas  had  been  carric 
out,  the  result  would  have  been  a  rejuvenation  of  the  Walkii 
Delegate,  witli  whom  we  have  not  been  botliered  for  some  yeai 
and  I  am  sorry  to  say  that  it  took  quite  a  while  and  much  vigoro' 
language,  some  of  which  was  unfit  for  publication,  to  demonstra 
to  that  superintendent  the  inadvisability  and  injustice  of  his  pr 
posed  action. 

'"  The  matter  with  piece  work  "  is  in  my  judgment  principal 
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the  matter  with  the  employers  or  their  representatives,  who,  gen- 
eraUv  through  ignorance  as  to  how  long  a  job  usually  takes  and 
occasionally  through  downright  ''  hoggishness,"  have  brought 
"  piece  work  "  into  a  disfavor  it  does  not  deserve.  Were  we  all 
better  informed,  and  did  we  all  put  piece  prices,  time  limits,  task 
work  and  other  such  systems  on  a*  scientific  and  accurate  basis,  and 
once  so  based  did  we  guarantee  the  men  against  cuts  in  prices 
unle«^  general  reductions  in  day  rates  were  made,  I  believe  that 
all  hostile  criticism  would  be  forever  disarmed. 

In  the  meantime,  I  believe  that  we  should  all  keep  our  eyes 
on  the  union  end  of  the  proposition  of  "  Shop  Management,^' 
m\  not  stumble  along  blindly  in  that  regard  any  more  than  we 
.should  in  regard  to  setting  rates. 

Mr.  Smith, — I  wanted  to  ask  Mr.  Taylor,  .jvhen  he  spoke  of 
its  always  being  practicable  to  find  out  the  cost  of  a  certain  job, 
whether  he  thinks  it  possible  to  get  at  such  cost  where  only  one 
machine  is  fitted  up  in  a  year  and,  if  so,  how  he  does  it?  Of 
n'urse,  if  it  is  turning  a  steel  shaft,  it  can  be  measured  and  the 
muiiiIkt  of  pounds  to  be  taken  off  in  chips  can  be  estimated ;  but 
suppose  it  is  an  irregular  casting  of  a  new  pattern,  does  it  pay  to 
timl  out,  or  can  it  be  found  out  from  the  experience  of  only 
having  one  to  make,  what  the  cast  will  be  on  the  next  one  ? 

J/r.  Taylor, — I  think  the  best  answer  to  Mr.  Smith's  question 
will  1)0  found  in  Mr,  Earth's  pa])er,  which  will  be  presented  to 
the  Society  at  this  meeting.  Mr,  Earth  will  show  how  an 
ordinary  mechanic  (with  the  aid  of  our  slide  rules)  can  deter- 
mine acourateiy  and  quickly  just  what  combination  of  cutting 
s^IH'ed  and  feed  should  be  used  in  any  particular  case  in  order 
t<»  do  the  work  in  the  quickest  time  on  any  given  lathe  planer 
or  other  machine  tool,  and  in  finding  out  the  proper  cutting 
"{•^'hI  and  feed  to  use  in  cutting  forgings  or  ca^^tings,  each  of  the 
f'dlowing  elements  which  affect  the  answer  is  given  its  proper 
^f'ifdit  through  its  own  slide  on  the  slide  rule.  The  variable 
elements,  each  of  which  affects  tlie  answer,  are : 

1.  The  pulling  or  driving  power  of  the  machine. 

2.  The  strength  of  the  feed  mechanism  of  the  machine. 

•1  The  exact  coarseness  of  the  feed  which  can  best  be  used. 
4.  The  diameter  of  the  piece  to  be  turned. 
r».  The  thickness  of  the  laver  of  metal  to  be  removed  or  the 
pro|>er  depth  of  cut  to  be  taken. 
^».  The  hardness  of  the  metal  which  is  being  cut ;  i.  e.,  whether 
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c'ast  iron,  steel  or  brass,  and  the  exact  degree  of  hardness  of  th^ 
particular  casting  or  forging. 

7.  The  shape  of  the  cutting  tool  and  its  size. 

8.  The  quality  of  the  tool  steel  from  which  the  tool  is  made, 
and  the  heat  treatment  which  the  tool  has  received. 

0.  Whether  water,  oil,  air  blast  or  other  cooling  medium  is 
used  on  the  tool. 

It  is  evident  that  this  is  a  problem  which  is  exceedingly  diffi- 
cult to  solve.  And  the  fact  that  these  difficult  problems  are  now 
being  daily  and  most  practically  and  rapidly  solved  by  the  ordi- 
nary mechanics  who  are  using  slide  rules  makes  it  evident  that 
it  is  a  comparatively  simple  matter  to  determine  the  time  re- 
quired to  do  the  remainder  of  the  work  of  running  a  machine, 
namely,  putting  Uie  work  into  the  machine,  taking  it  out  and 
adjusting  the  machine,  etc.  And  the  study  of  the  time  required 
to  do  this  hand  work  is  greatly  simplified  by  dividing  each  job 
into  its  simple  elements  and  then  timing  each  element  separately 
and  systematically  with  a  stop  watch.     Such,  for  instance,  as: 

Lifting  work  from  floor  to  machine. 

Putting  on  carrier. 

Adjusting  work  in  chuck  or  on  centres. 

Call  poring. 

Setting  tool,  etc. 

If  the  "'  hand  work  "  is  studied  by  single  simple  operations 
in  this  way  it  will  bo  found  that  the  entire  hand  work  of  a  sho] 
can  be  resolved  into  comparatively  few  elements  which  can  b 
classiticMl,  tabulated  and  readily  used  in  determining  the  prope 
time  for  doing  even  new  and  complicated  work. 

Mr,  ^'^ffiifh. — Does  that  include  the  rigging  and  the  unriggin 
of  the  tools? 

Mr,  Taylor. — Yes;  it  takes  up  the  work  from  the  time 
loav(\s  the  floor  to  go  into  the  machine  until  it  comes  out  finishe* 
and  it  includes  the  time  required  to  make  all  of  the  chang 
and  adjustments  in  the  machines.  The  observations  are  sto 
watch  ()l)sorvations,  carefullv  taken  bv  a  man  who  is  trained 
this  busin(\ss.  Uj)  to  tliis  time  these  observations  have  be( 
recorded  and  tabulated  on  loose*  sheets  or  in  manuscript  bool 
l)Ut  I  jn-edict  that  there  will  in  the  future  be  many  books  prints 
covering  in  each  trade  the  time  re(]uired  to  do  each  of  tl 
elementary  o])eration.s  which  togc^ther  in  various  combinatio: 
make  up  the  entire  work  of  the  trade. 
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r.  John  Colder,^ — In  Mr.  Richards'  paper  too  much  is 
of  the  identification  of  modern  management  advances  with 
ular  men  and  methods,  and  he  appears  thereby  to  miss  the 

)ncur  most  heartily  with  Mr.  Emerson  in  his  praise  of  Mr. 
.  Taylor's  paper  of  June  last,  which  I  believe  will  bear  its 
iiit  until  the  appearance  of  the  next  volume  of  the  Society's 
edings. 

illustrate  the  point  on  which  issue  has  been  joined  with  , 
tichards'  I  wish  to  present  a  practical  problem  in  which 
It  piece  work  is  maintained  producing  all  that  Mr.  Rich- 
laims  for  it,  and  a  great  deal  more,  through  expense  in- 
I  hj*^  the  management  in  scientific  time  study  and  its  neces- 
ccompaniments  of  betterment. 

ere  the  Taylor  system  of  management  and  labor  reward 
placed  straight  piece  jobs  in  manufacturing  concerns  doing 
g  else  at  machine  and  bench  but  large  quantities  of  light 
ion  work,  we  have  an  instance  in  which  the  issues  between 
lichards  and  his  critics  can  be  reconciled.  I  believe  that, 
'h  circumstances,  if  the  true  time  is  scientifically  deter- 
after  management  and  equipment  conditions  of  the  high- 
Rciency  have  been  established,  it  does  not  matter  in  the 
whether  (1)  a  large  reward  is  offered  for  the  daily  task, 
piece  rate  is  fixed  to  give  the  same  maximum  daily  pay, 
•  a  non-graduated  premium  or  bonus  appropriation  which 
to  a  fixed  daily  time  rate  will  give  the  same  reward, 
lor  such  circumstances  Mr.  Kichards'  output  and  Mr. 
ion's  time  abcissie  would  coincide,  in  fact,  their  diagrams 
be  identical. 

ictual  i>ractice,  workmen  employed  under  above  maximum 
t  conditions  can  see  no  difference  between  shortening  the 
)r  increasing  the  task  and  lowering  piece  rates;  and,  as  a 
r  of  fact,  there  is  none. 

le  one,  but  very  important,  improvement  upon  straight 
working  being  that  accurate  scientific  time  study  has  pre- 
1  the  maxinuim  and  fixed  the  rate  for  existing  and  im- 
1  conditions  brought  about  on  the  initiative  of  the  man- 
nt,  while  ordinary  piece  rates  are  more  liable  to  change, 
rause  they  are  "  piece  "  rates,  but  because  they  are  more 


•  CoDtribated  after  adjourDznent. 
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or  less  guesses  and  depend  for  rectification  purely  upon 
measure  of  their  true  skill  the  men  choose  to  reveal. 

For  the   class  of  work  assumed,   straight  piece  work 
upon  scientifically  conducted  time  study  and  modernized 
ilies,  will  be  as  easy  as  any  to  establish  in  place  of  guess 
rates;  and  any  other  name  given  to  the  process  is  a  distL 
Avithout  a  difference.     It  eliminates  the  inefficient,  and  pr< 
an  easy  and  automatic  method  of  paying  and  encouragin 
efficient  but  new  men  who  take  a  little  time  to  attain  the 
mum  task — say  coming  at  first  ^vithin  fifteen  per  cent.  o1 
while  all  others  who  aspire  are  tried  out  on  daily  time 
before  graduating  as  "  fit." 
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SUGGESTIONS  FOR  SHOP  CONSTRUCTION. 

BT  V.  A.  SCHXITLXR. 

(Member  of  the  Society.) 

1.  Some  time  ago,  the  writer  had  occasion  to  lay  out  various 
boildingB  for  one  of  the  well-known  electrical  manufacturing  firms 
in  this  country,  with  the  view  of  constructing  new  shops,  covering 
I  complete  equipment  for  manufacturing  on  a  large  scale. 

2.  At  the  time  various  schemes  were  suggested  for  the  ar- 
nngement  of  the  buildings  in  reliction  to  each  other,  so  that  the 
fesultant  buildings  could  be  combined  into  a  scheme  of  inter- 
dumge  between  the  administration  offices,  sub-offices,  and  mate- 
rials from  one  building  to  another. 

3.  After  discussing  the  various  ideas,  above  referred  to,  the 
f^Tm  shown  on  the  accompanying  diagram,  Fig.  17,  suggested  itself 
to  the  writer,  and  as  it  is  entirely  novel  in  its  construction,  so  far 
u  applied  to  machine  shops  and  other  manufacturing  purposes, 
he  deemed  it  advisable  to  place  it  on  record,  as  there  are  many 
features  connected  with  the  layout,  which  although  subject  to 
isodification,  would  make  an.  ideal  manufacturing  shop  in  every 
way. 

4.  This  plan  was  not  carried  out  owing  to  the  fact  that  the 
proposed  new  buildings  were  abandoned  for  several  years,  and 
when  the  works  were  eventually  built  other  parties  had  the 
nutter  in  charge,  and  the  proposed  plan  was  not  even  known  to 
them. 

5.  Of  course,  it  would  have  to  be  agreed  upon  in  advance  that 
there  would  be  required  for  manufacturing  purposes  a  number 
of  buildings  suitable  for  the  various  kinds  of  work  to  be  manu- 
factured. The  plan  herein  proposed  was  primarily  designed  for 
manufacturing  electrical  apparatus,  such  as  generators,  motors, 


at  the  New  York  meeting  (December,  1903)  of  the  American 
Sodrtj  of  Medumical  Engineers,  and  forming  part  of  Volume  XXV.  of  the 
TrmMtmeiiimM, 
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switches,  electrical  instruments,  etc.;  but  of  course,  tbi 
scheme  would  be  applicable  to  any  other  kind  of  maonfai 
where  it  is  desired  to  have  a  number  of  shops,  all  of  wh 
easily  accessible,  both  for  business  purposes  and  for  delive 
shipping  of  material. 

A  brief  description  of  the  layout  is  as  follows: — 

In  the  center  of  the  space  available  for  the  buildings  is 


an  administration  building,  constituting  the  business,  accQ 
and  sales  nltices;  and  on  the  second  story,  the  draughtinj 
This  building  is  octagonal,  or  hexagonal,  which  ever  may  b 
to  be  moat  suitable  for  the  purpose.  In  this  case,  it  has  I 
signed  with  a  view  of  aonommodating  seven  buildings, 
radiate  from  each  side  of  the  octapon,  and  has  one  side  r 
for  the  main  entrance  through  the  building. 

ti.  Tlie  end  of  each  shop  wliieh  is  nearest  to  the  admini: 
building  has  its  individual  office  for  the  foremen  and  shop 
This,  it  will  be  seen,  is  a  very  harmonfoua  arrangemeut,  s 
shop  i^  then  but  a  short  distance  from  the  administration  b 
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\     80  that  intercourse  can  easily  be  had  between  the  drawing  room, 
offices  and  the  offices  of  each  shop. 

7.  The  general  arrangement  gives  each  shop  plenty  of  yard 
room,  which  is  also  very  essential;  and  travelling  cranes,  either 
worked  by  hand  or  power,  could  be  located  in  the  yard  room  be- 
tween any  two  of  the  shops,  for  handling  raw  or  finished  material 

8.  A  circular  track  around  the  administration  building  con- 
nected in  front  of  each  shop  building  by  means  of  suitable  turn 
tiUes,  worked  by  hand  or  power,  makes  the  distribution  of  mate- 
rial between  the  buildings  very  easy,  and  it  will  be  noticed  that 
the  distance  the  material  will  have  to  travel  from  any  one  building 
to  another  is  comparatively  short. 

9.  At  the  extreme  outer  end  of  each  building  is  another  cir- 
cular track,  primarily  to  be  used  for  shipping  purposes,  and  the 
distributing  of  such  material  as  may  come  in  or  go  out  over  the 
connecting  railroad  lines.  This  track  runs  through  the  end  of 
each  building;  and  in  such  buildings  where  the  machinery,  cast- 
ings, or  other  goods  are  to  be  handled,  the  heavier  travelling 
crane  in  that  particular  building  which  should  run  the  length  of 
the  shop,  can  easily  unload  or  load  the  cars.  This  arrangement 
makes  it  possible  to  go  into  every  shop  without  having  a  multi- 
plicity of  tracks  and  switches,  thus  cutting  up  the  available  yard 
room,  as  is  usually  the  case  in  ordinary  plants.  It  is  also  possible, 
if  there  is  sufficient  ground  available,  to  extend  any  one  or  all  of 
the  buildings,  and  still  retain  the  best  features  of  the  design. 

10.  A  study  of  the  design,  which  as  above  stated,  is  subject 
to  modification,  will  be  all  that  is  necessary  without  any  further 
comment,  to  make  it  clear  to  any  one  interested  in  this  important 
question  of  the  best  arrangement  of  buildings  for  shop  purposes. 

11.  In  connection  with  this  matter,  I  would  add  that  while 
there  is  as  far  as  the  writer's  knowledge  goes,  no  manufacturing 
plant  built  on  these  lines,  at  the  same  time  there  is  a  plant  of 
an  entirely  different  character  in  Pennsylvania,  where  practically 
the  same  idea  is  carried  out,  so  far  as  the  location  of  the  buildings, 
iti  relation  to  the  office  building  is  concerned.  This  is  the  Eastern 
Penitentiary,  located  in  Pennsylvania,  a  cut  of  which  was  pub- 
liahed  in  the  North  American  recently,  which  the  writer  ran  across 
hy  the  merest  accident,  and  it  really  makes  a  very  good  perspective 
picture  of  what  a  manufacturing  plant  would  look  like  when  laid 
oot  as  above  suggested,  eliminating,  of  course,  the  walls  surround- 
ing the  grounds. 
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DISCUSSION. 

Mr,  TF.  D.  Ennis. — The  arrangement  of  buildings  illustra 
by  Mr.  Scheffler  possesses  few  advantages  over  that  which 
customary.  Those  which  it  does  possess  are  incidental  and  a( 
dental  rather  than  dependent  upon  the  eccentric  distribution 
departments  ])roi)osed. 

For  examph^,  the  advantages  of  loading  cars  by  cranes  and 
possible  (extension  at  low  cost  are  i)ossessed  to  an  equal  degree 
this  or  almost  any  conceivable  grouping  of  buildings. 

The  scheme  is  wastefid  of  land,  requiring  for  the  same  yf 
and  building  area  xi^ry  much  more  ground  space  than  is  usual 

The  diagram  shows  a  centrally  located  office.  It  is  qu 
tionable,  however,  whether  it  pays  to  sacrifice  other  consideratii 
to  those  whicli  in  plants  of  any  size  ])rivate  telephone  systems  a 
ade(piat(^  messenger  service  seem  generally  able  to  satisfy. 

It  also  shows  one  of  the  worst  possible  systems  of  tra 
age.  There  is  but  one  communication  with  each  departme 
which  must  be  used  both  for  ingoing  and  outgoing  traffic.  1 
trackage  provision  is  not  adapted  to  the  requirements  of  the  v£ 
ous  de])artments.  Tlie  same  facilities  are  provided,  for  exam| 
for  tlie  detail  department  as  for  the  storage  and  shipping  buildi 
Should  a  carload  of  jug  iron  come  in  while  a  car  of  coal  stood 
the  pow(^r  house,  extra  swi telling  would  be  necessary.  All 
trackage  is  in  curves,  which  ham])ers  the  movements  of  cars  i 
increas(^s  the  probability  of  derailment  and  consequent  delay.  . 
cess  from  the  office  to  any  of  th(*  buildings  is  impossible  with 
crossing  the  industrial  railway  tracks,  a  condition  which  r 
coimterhalance  all  the  saving  in  time  due  to  having  the  office  ( 
trally  lrK*ated.  Th(»  ])rcsence  of  railroad  tracks  within  the  bn 
ings  has  been  found  extremely  dangerous  to  life  and  limb  in  gi 
elevators,  and  i^  wonld  not  sec^ni  advisable  to  introduce  such 
arrang^'ment  in  manufacturing  ])lants.  Fire  hazard  would 
increased  by  running  hx'oniotives  through  the  departments,  ei 
cially  such  as  those  h(msed  in  the  armature,  carpenter  and  stoi 
buildings. 

The  ])ower  house  is  not  centrally  lo(*ated,  is  of  a  wasteful 
awkward  shape  and  cannot  be  extended  in  any  direction  witl 
heavy  expense. 

The  yard  spa(*e  is  accessible  only  from  the  rear;  it  is  distribi 
without  regard  to  departmental  recpiirements,  the  detail  dcf 
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ment,  for  instance,  being  given  somewhat  more  room  than  the 
foundry.  It  is  so  shaped  that  it  could  not  be  properly  covered 
by  cranes,  nor  could  any  compact  and  systematic  grouping  of  yard 
material  be  practised.  As  illustrated  in  the  diagram,  the  space 
on  the  outside  of  the  tracks  is  too  far  away  from  the  buildings  to 
make  economical  yardage,  but  unless  it  is  utilized  the  full  benefit 
of  the  track  facilities  will  not  be  obtained. 

It  is  difficult  to  see  what  advantage,  excepting  in  the  single 
point  of  accessibility  from  the  office,  the  suggested  arrangement 
of  buildings  has  over  that  in  which  the  departments  are  housed 
under  separate  roofs,  side  by  side,  with  the  office  building  on  one 
side  of  the  group  and  the  railroad  on  the  other  side,  one  or  more 
switches  being  run  into  the  buildings  where  needed.  The  latter 
arrangement  would  certainly  give  better  results  as  to  amount 
and  distribution  of  yard  room,  despatch  and  economy  in  shipping 
and  receiving  goods,  and  convenient  access  between  office  and 
shops  and  between  the  shops  themselves.  This  arrangement 
might  have  to  be  modified  to  a  moderate  extent,  but  only  in  order 
lo  obtain  direct  access  between  successive  departments,  as,  for 
example,  the  machine  and  finishing  rooms  of  a  paper  mill.  The 
feature  of  Mr.  Scheffler's  plan,  requiring  a  journey  around  several 
comers  to  get  from  one  building  to  another,  should  be  absolutely 
prohibited  in  laying  out  any  plant. 

Mr,  Chas.  L.  Heisler* — I  offer  the  following  criticism  on  the 
radial  plan  of  arranging  shop  buildings : 

1.  There  should  be  a  material  switch  independent  of  the  ship- 
ping switch.  The  plan  shows  that  any  car  set  for  loading  in  the 
machine  shop,  must  be  reset  and  shifted  each  time  a  load  of  coke, 
<^1  or  sand  is  delivered  to  the  foundry,  and  the  locomotive  must 
each  time  pass  through  the  machine  shop.  If  another  switch  is 
made  to  parallel  the  one  shown,  then  when  the  machine  shop  is 
extended  there  will  be  two  switches  passing  through  this  depart- 
ment 

2.  A  curved  switch  is  dangerous  and  seriously  inconvenient  to 
the  switching  crew,  who  cannot  see  two  car  lengths,  so  it  is  very 
difficult  to  set  cars  and  avoid  injuring  shop  men. 

3.  It  is  seriously  objectionable  to  take  a  train  of  cars  and  loco- 
motive through  several  shops  for  the  purpose  of  reaching  another. 

4.  The  circular  switch  does  not  come  within  150  feet  of  the 

^ —  _  — 

*  Submitted  after  adjournment. 
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foundry  cupola,  and  gives  no  opportunity  for  using  h(^pe^bot 
torn  cars  for  cheaply  handling  foundry  sand,  coke,  etc.  Tli< 
present  arrangement  will  cause  an  expenditure  of  many  hundred 
dollars  per  year  in  the  extra  handling  of  the  raw  foundry  mate 
rial. 

5.  The  coal  for  the  boilers  should  be  dumped  directly  in  fron 
of  the  boilers.  In  the  radial  plan  shown,  each  car  must  be  un 
loaded  by  hand  and  reset  every  time  any  car  is  taken  from  eithei 
the  foundry,  pattern  shop  or  machine  shop. 

6.  The  pattern  storerooms  should  be  adjacent  to  the  patteni 
department,  but  sufficiently  isolated  for  fire  protection.  The 
cupola  should  be  farther  from  the  pattern  department,  and  should 
be  located  with  respect  to  prevailing  winds,  if  possible. 

7.  The  arrangement  does  not  comply  with  the  present  practice 
of  arranging  buildings  as  much  as  possible  parallel  to  each  othei 
to  economize  in  land  and  in  order  to  utilize  their  crane  columns 
and  steel  framing  for  su])porting  traversing  yard  cranes,  whicl 
should  cover  all  the  available  space  adjacent  to  the  several  build 
ings,  and  which  can  be  covered,  when  necessary,  to  meet  future 
growth.  The  triangular  yards  evidently  will  never  permit  thi 
without  excessive  expense  and  waste. 

8;  Assume  that  30  per  cent.,  more  or  less,  covered  floor  spac* 
than  shown  on  the  plan  is  required  for  any  one  of  the  depart 
ments.  First  attempt  to  lengthen  such  a  department  30  per  cent 
and  note  that  the  circular  s\vitch  then  divides  the  enlarged  d( 
partment,  or,  suppose  the  30  per  cent,  enlargement  consists  c 
an  unsynmietrieal  side  addition,  this  cannot  then  be  well  fitte 
into  the  very  undesirable  form  of  triangular  yards.  On  the  oth( 
hand,  assume  that  any  department  required  30  per  cent,  less  flo( 
space  than  shown,  in  this  case  the  building  would  not  come  withi 
100  feet  of  the  switch,  or  the  central  "  administration  "  buildiuj 

9.  The  several  receiving  and  ship])ing  offices  must  be  adjacei 
to  the  switch,  and  will,  therefore,  be  350  feet  away  from  the  ma 
offi(?e,  as  shown. 

10.  The  reduction  in  distances  at  other  points  between  parall 
buildings,  when  arranged  as  usual  with  an  intervening  crane  yar 
would  certainly  eflfect  a  greater  saving  than  would  be  lost  by  tl 
slightly  greater  distance  between  tbe  main  and  other  oflSces, 
compared  with  the  radial  plan. 

11.  A  moment's  thought  will  make  it  clear  that  the  allegt 
saving  in  time  due  to  the  radial  plan  is  lost  several  times  over 
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the  time  required  in  manipulating  the  many  heavy  12  x  14  foot 
switch  doors.  Assume  that  a  switching  engine  and  crew  are 
making  a  trip  around  the  circular  track,  the  crew  mil  be  required 
to  make  at  least  24  distinct  and  strenuous  efforts  in  opening  and 
closing  the  12  heavy  doors,  and  it  will  take  48  such  operations  in 
cold  weather,  if  they  are  all  lifting  doors,  and  96  if  they  are 
double  doors.  However  cold  the  weather,  one  round  trip,  not 
considering  the  resetting  of  cars,  I  think  would  finish  even  the 
most  robust  switching  crew.  If  they  did  survive  one  round,  I 
fear  the  shop  men  would  never  permit  them  to  make  a  second. 

Mr,  Suplee, — In  reference  to  the  statement  made  by  the  author 
of  the  paper  just  now  about  the  arrangement  of  the  buildings 
being  the  same  in  the  Eastern  Penitentiary  at  Philadelphia,  I  may 
add  that  in  the  centre  of  the  circle  formed  by  those  buildings 
there  is  a  system  of  mirrors  so  arranged  that  a  single  watchman 
seated  in  the  centre  can  look  down  all  of  the  corridors  at  once. 
This  ingenious  system  of  mirrors  was  designed  by  one  of  the 
prisoners. 
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WHAT  ARE  THE  NEW  MACHINE  TOOLS  TO  BEt 
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(Member  of  the  Society.) 

1.  It  is  a  fact  quite  apparent  to  users  of  machine  tools  that  the 
new  high-speed  tool  steel  calls  for  a  re-designing  of  our  machines 
if  we  are  to  get  even  a  fair  share  of  the  ultimate  possibilities  which 
the  new  steel  offers. 

2.  I  expect  the  machine  tool  builders  have  already  the  reflj 
formulated  as  follows:  "  You  just  keep  on  building  engines  and 
leave  the  machine  tool  business  to  us."  But  that  will  not  quite  do. 
If  no  one  but  the  engine  builders  had  mixed  in  the  engine  business, 
we  would  have  had  no  turbine  engines,  and  many  of  the  standard 
machine  tools  were  originally  devised  by  those  who  had  use  for 
them  rather  than  by  the  man  who  devised  things  to  selL 

3.  I  think  the  machine  tool  builders  will  admit  that  the  ma- 
chines must  be  re-designcd;  but  to  the  most  of  them  will  this  mean 
anything  but  just  to  make  the  driving  elements  more  powerful  and 
the  machines  stronger,  which  is  as  much  as  to  say  everything  has 
been  all  right,  and  all  we  need  to  do  is  to  change  the  strength  and 
power.     But  have  they  been  all  right  or  half  right  ? 

4.  It  can  be  shown  by  figures,  I  suppose  (I  know  it  to  be  a  fact 
by  a  trial  with  models),  that  a  complete  box  is  thirteen  times  more 
rigid  against  torsion  and  four  times  more  rigid  against  bending 
than  the  same  amount  of  material  is  in  the  form  of  side  plates  and 
thin  cross  girts.  It  is  probably  from  four  to  eight  times  more 
rigid  than  tlie  cross  girt  plan  in  any  form,  and  yet  in  the  case  of 
lathes,  the  whole  business  of  whose  beds  is  to  resist  torsion^  only 
one  or  two  builders  have  had  the  courage  to  adopt  the  box  form. 

5.  All  planer  beds  can  just  as  well  be  box  beds  with  half  the 
cost  in  patterns  and  foundry  work,  and  so  too  the  tables  which  are 
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gpnmg  by  bolting  down  work  can  just  as  well  be  box  tables  four 
times  as  strong  with  the  same  material,  and  with  a  saving  of  half 
the  cost  in  patterns  and  something  in  the  foundry. 

6.  The  whole  tendency  of  the  cut  is  to  slide  the  work  endwise  of 
the  planer  bed;  but  who  has  ever  tried  putting  the  slots  crosswise 
in  a  way  to  offer  the  greater  resistance  and  prevent  the  bending 
of  the  bed  by  the  peening  of  the  upper  surface,  as  now  occurs, 
which  with  the  springing  by  bolting  down  the  work  are  the 
primary  causes  of  cut  ways. 

7.  Some  planer  and  boring  mill  cross  rails  are  of  box  section  in 
the  centre,  but  are  thinned  down  at  the  ends  when  fastened  to 
the  housings.  The  most  of  them  are  three  sides  of  a  box  only, 
or  one-tenth  the  strength  of  a  box,  where  a  plain  square  box 
straight  through  is  infinitely  better  and  cheaper.  Of  course  the 
1)0X66  are  not  to  be  proportioned  from  what  is  in  use  now,  but 
from  what  is  to  be  made  to  meet  the  new  conditions.  To  select 
enough  material  to  meet  the  new  demands  and  then  put  the  mate- 
rial so  that  it  will  be  four  times  more  rigid  will  be  something  like 
it  Housings  of  box  section  will  be  just  as  rigid  fore  and  aft  and 
much  more  rigid  against  side  strain. 

8.  Milling  machines  of  the  planer  style  are  constructed  like  plan- 
ing machines,  seemingly  without  a  thought  but  that  the  conditions 
are  identical,  while  they  are  not  If  the  bed  of  a  planing  machine 
and  the  table  were  of  the  same  length,  the  weight  of  the  table  and 
the  load  over-running  the  end  of  the  bed  would  soon  wear  the  top 
of  the  bed  crowning  and  the  under  side  of  the  table  concave  to  fit, 
tnd  it  18  to  counteract  this  tendency  of  gravity  to  wear  them  out 
of  true  that  the  beds  are  made  longer  than,  the  tables.  With 
the  milling  machine  the  load  is  less,  more  of  it  in  the  middle  of 
the  taUe,  because  there  is  less  gained  by  putting  on  small  pieces 
^d  to  end,  and  the  down  pressure  of  the  big  cutter  always  in  the 
niiddle  partially,  if  not  wholly,  neutralizes  the  tendency  to  wear 
ont  of  true  by  gravity.  When  such  a  machine  has  side  cutters 
or  a  vertical  spindle,  the  pressure  is  always  in  the  middle,  first  in 
one  direction  and  then  the  other,  exactly  the  reverse  from  the 
gnvity  action,  and  instead  of  the  side  guide  of  the  bed  being 
longer  than  the  table  it  should  be  shorter,  by  just  about  the  same 
Amount  as  the  bed  of  a  planer  needs  to  be  longer. 

^.  Many  times  the  sliding  piece  and  its  guides  can  be  the  same 
l^ogth  and  keep  straight.  The  things  which  do  not  tend  to  wear 
out  of  true  do  not  wear  much,  and  the  things  which  do  wear  out 
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of  true  and  have  to  be  refitted  are  never  just  right  but  when  new 
and  when  so  refitted.  Where  a  short  block  slides  on  a  long  goide, 
if  the  scraper  marks  wear  out  sooner  along  the  middle  than  it  the 
ends,  the  ends  of  the  guide  need  cutting  off,  however  much  0T6^ 
run  it  gives  to  the  sliding  block. 

10.  The  draughtsman  dare  not  make  a  drawing  of  an  enpne 
cross-head  over-running  the  guide  one-third  of  its  length  at  eaeh 
end;  the  builder  would  hardly  dare  to  build  it  if  he  did,  and  no 
user  has  the  courage  to  take  out  the  guides  and  cut  them  off  or  eat 
away  the  surface  even  when  he  knows  it  would  be  money  in  hiB 
pocket,  but  it  is  the  thing  to  do.  We  find  that  in  the  case  of  i 
slipper  guide,  owing  to  the  effect  of  inertia  and  momentum  giving 
a  twisting  action  to  the  crosshead,  it  is  necessary  to  cut  away  the 
guide  so  that  the  crosshead  will  over-run  very  nearly  one-half  ite 
length  before  the  scraper  marks  will  show  uniform  wear.  This, 
of  course,  is  subject  to  modification  according  as  the  centre  of 
gravity  is  higher  or  lower,  or  the  speed  of  the  engine  is  greater 
or  less.  We  are  building  engines  with  the  crossheads  over-ron- 
ning  that  way  and  people  buy  them. 

11.  To  get  the  best  out  of  machines,  they  not  only  want  to 
be  rigid  and  true,  but  the  drive  needs  to  be  powerful.  In  ihk 
respect  a  worm  gear  is  about  as  perfect  as  can  be,  or  cutting  spm 
gear  teeth  spiral  accomplishes  about  the  same  result.  Wha^ 
appears  as  an  objection  to  spiral  teeth  is  end  thrust  against  tb 
shoulders,  which  does  not  amount  to  much,  and  when  the  shaf 
runs  in  reverse  directions  and  end  play  in  the  journals  is  permit 
sible,  the  journals  keep  in  much  better  condition.  The  mentio: 
of  a  worm  gear  is  like  the  flaunting  of  a  red  rag  to  some  peoph 
but  it  has  its  place  and  a  good  many  more  places  than  it  has  bee 
used  in.  The  claimed  objection  is  excessive  friction  and  loss  o 
power,  but  the  results  do  not  seem  to  justify  the  claim. 

12.  The  most  perfect  worm  gear  we  have  (theoretically)  is 
screw  and  nut,  and  they  do  waste  enormously  in  friction,  and  i 
proportion  to  what  they  do  they  wear  out  the  most  of  any  piece  c 
mechanism.  The  most  imperfect  worm  gear  we  have  (theore 
ically)  is  the  Seller's  planing  machine  drive,  and  yet  they  neri 
wear  out,  and  hence  cannot  lose  much  in  friction. 

13.  In  the  writer's  opinion  two  of  the  things  which  never  nee 
to  have  been  invented  are  the  Hindley  worm  gear  and  a  machii] 
for  bobbing  worm  gear.    Experience  convinces  the  writer  that 
liberal  pitch  worm  skewed  round  so  as  to  properly  mesh  with 
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plain  spur  gear,  or  one  with  the  teeth  at  such  an  angle  as  to  skew 
the  worm  a  little  more  will  run  more  easily  and  last  longer  than 
the  other  sort.  A  machine  driven  with  the  TV^orm  is  positive,  and  if 
there  is  any  chatter  it  comes  from  elasticity  in  the  spindle  or  the 
work  itself.  The  value  of  lathes,  particularly  those  used  for  face 
plate  work,  is  considerably  improved  by  having  large  and  short 
main  bearings.  They  should  be  large  to  resist  torsion  and  short  to 
resist  bending,  and  the  ordinary  face  plates  are  ridiculously  frail. 
To  get  the  best  of  a  face  plate  it  should  be  box  section  and  as 
large  as  will  swing  in  the  lathe. 

14.  Owing  to  the  rapid  wear  of  screws  the  writer  is  convinced 
that  a  precision  screw  in  any  lathe  used  in  manufacturing  is  of  no 
special  value  over  a  fairly  good  one.  Wearing  the  screw  in  one 
place  while  threading  a  few  hundred  pieces  destroys  the  precision 
in  a  way  which  no  future  use  will  ever  correct. 

If  the  designer  will  analyze  every  detail  he  will  find  that  many 
of  the  old  features  were  not  right  to  meet  the  old  conditions  and 
not  half  right  for  the  new. 

15.  While  manufacturing  is  going  to  call  f ot  many  more  simple 
machines — that  is,  machines  to  do  one  thing  rapidly  and  well — the 
machine  which  will  do  a  variety  of  work  will  be  still  in  demand, 
for  the  sparsely  settled  sections  of  the  country  and  the  colonies 
will  call  for  the  country  machine  shop  as  of  old. 

DISCUSSION. 

Mr,  John  D.  Riggs, — There  is  no  question  but  that  there  is 
now  a  demand  for  a  general  re-designing  of  machine  tools,  but 
H  this  entirely  due  to  the  new  high-speed  steels?  Is  it  not  rather 
<lue  to  the  fact  that  the  designs  were  only  half  right,  and  now 
^ith  the  new  steels  this  half  right  is  being  reduced  to  one- 
<iuarter  right?  If  higher  speed  is  all  that  is  required  this  can 
»«*  had  at  once  in  most  cases  by  putting  a  larger  pulley  on  the 
line  shaft  or  at  most  by  adding  a  high-speed  belt  between  the 
line  and  counter  shafts.  It  may  be  noted  that  doubling  the 
^I^  in  this  way  doubles  the  available  power  as  well. 

^one  pulleys  have  gotten  into  bad  repute,  largely,  I  think, 
<»n  account  of  having  too  many  steps  and  too  small  diameters. 

Established  practice  may  be  given  credit  for  some  of  the  weak 
Ijoints  in  present  machine  design.  It  does  not  follow  that  be- 
«»nsi*  onr  grandfathers  sawed  off  the  ends  of  their  wooden  lathe 
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beds  square  that  present  lathe  builders  should  do  the  same  wil 
east  iron  ones.  Again  those  builders  who  borrow  designs  ai 
devote  their  best  efforts  to  getting  money  do  their  part  in  estal 
lishing  practice. 

In  applying  the  individual  electric  drive  the  practice  of  i: 
corporating  the  motor  into  the  design  of  the  machine  seems 
l)e  most  commendable.     One  casting  may  serve  as  the  fran 
for  both  machine  and  motor  and  yet  the  machine  may  be  fu 
iiished  \dth  or  without  the  motor  drive. 

In  applying  motors  to  radial  drills  why  not  place  the  mot 
on  the  radial  arm  very  close  to  the  drill  spindle  and  thus  d 
pense  with  a  considerable  portion  of  the  mechanism  now  us< 
to  transmit  power  from  a  stationary  shaft? 

The  experience  of  Professor  Sweet  with  worm  gears  is  cc 
tainly  quite  different  from  my  own.  While  the  Sellers  plau 
drive  has  proved  all  right,  the  ordinary  worm  gear  as  used 
freight  elevators  in  buildings  is  not.  And  the  worst  feature 
these  machines  is  that  you  seldom  know  how  near  right  th 
are  or  when  they  will  go  wrong.  The  lubrication  of  the  twa 
essentially  different. 

Those  people  who  have  labored  to  improve  the  worm  gear  d 
elevators  have  my  sympathy  but  none  of  my  orders  so  long 
the  direct  hydraulic  elevators  are  in  the  market. 

Mr.  II.  P.  Fairfield. — Any  one  that  has  had  much  to  do  w" 
the  so-called  high-speed  steels  must  have  been  impressed  w" 
the  fact  that  the  ordinary  14"  or  16"  engine  lathe  was  lacki 
in  material.  About  one  year  ago  I  put  in  the  hands  of  soi 
of  our  students  tools  forged  from  one  of  the  prominent  hi| 
speed  steels,  my  object  being  to  study  the  uses  of  the  steel.  T 
students'  instructions  were  to  break  down  the  tool  if  possib 
then  to  reduce  sjx^ed  and  feed  until  a  desirable  balance  13 
reached.  On  diameters  of  about  two  inches  the  lathes  us 
v\^ere  not  able  to  make  good,  and  it  was  necessary  to  reduce  be 
the  feed  and  speed  to  prevent  seriously  injuring  the  machii 
The  trouble  seemed  to  be  entirely  confined  to  the  head  stock  a 
carriage,  and  after  some  study  of  the  subject  and  continued  ( 
servation,  I  came  to  a  conclusion  that  the  most  of  the  troul 
was  a  lack  of  material  in  the  head  stock  itself.  As  the  diamet( 
turned,  a  high  speed  of  revolution  was  needed  to  bring  up  t 
surface  sj)eed  to  the  desired  point,  and  to  prevent  tearing  t 
head  stock  to  pieces  a  heavy  face  plate  of  a  size  as  large  as  t 
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lathe  could  swing,  was  put  upon  the  nose  of  the  spindle.  This 
seemed  to  correct  much  of  the  trouble  and  I  believe  is  a  desir- 
able thing  to  do,  although  it  is  not  usual  to  use  a  fly  wheel  on  an 
engine  lathe.  So  far  as  observed  the  bed  was  not  affected  in  any 
case. 

I  would  suggest  that  my  conclusions  are  that  the  engine  lathe 
needs  more  material  in  its  head  stock,  broad  surfaces  in  its  car- 
riage, nicely  gibbed,  a  positive  drive  to  its  feed  works,  a  less 
number  of  steps  on  the  cone  and  broader  belts,  and  a  massive 
face  plate. 

Mr.  Oberlin  Smith, — ^I  think  the  time  has  now  come  when 
that  '^  anvil  principle  "  that  Mr.  Porter  and  I  used  to  talk  about 
some  years  ago  must  come  to  the  fore.  It  is  true  that  high- 
speed steels  simply  require  more  horse-power  for  the  higher 
speed  and  not  necessarily  more  torque  on  the  lathe  spindle ;  but 
a:i  a  matter  of  fact  these  new  steels  are  probably  stronger  and 
will  take  heavier  cuts  than  other  steels,  without  breaking  off  the 
cutting  edges.     Am  I  right  about  that,  Mr.  Taylor  ? 

Mr.  Fred  W,  Taylor.— No,  I  think  not. 

Mr,  Smith. — Mr.  Taylor  says  I  am  not  right.  I  thought  he 
was  going  to  back  me  up. 

Mr,  Taylor. — I  should  like  to  back  you  up  if  I  could.  But 
directly  the  opposite  is  true.  The  only  advantage  which  the  tool 
steels  containing  tungsten  or  molybdenum  in  combination  with 
cliromium  and  heated  to  a  high  heat  according  to  the  Taylor- 
White  process  have  over  ordinary  tools  is  that  they  will  cut  from 
two  to  four  times  as  fast  and  therefore  do  much  more  work  in 
a  given  tune.  The  presence  of  tungsten  or  molybdenum  renders 
the  tools  weaker  and  more  brittle  in  the  body  of  the  tool.  The 
cutting  edge  of  the  tool  is  also  more  brittle  than  the  edge  of  the 
old  carbon  steel  tool  at  usual  shop  temperatures.  The  Taylor- 
White  tools,  while  more  brittle  at  the  usual  temperatures  of  tho 
air  from  50°  to  100°  Fahr.,  have  the  peculiar  property  of  re- 
niaining  about  as  hard  as  they  ever  were  when  heated  by  the 
friction  of  the  chip  which  they  are  cutting  up  to  the  extraor- 
'linary  temperature  of  1000°  to  1200° ;  while  tools  not  so  treated 
wften  and  crumble  away  when  heated  to  400°  upwards. 

Mr.  Smith. — When  I  get  through  I  want  Mr.  Taylor  to  tell 
you  what  I  was  trying  to  tell  you,  namely,  that  we  need  more 
strength  to  our  machines  as  well  as  more  speed.  One  reason  is 
jHjrhaps  that  the  higher  speeds  cause  more  vibration  in  the  thin. 
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fiddle-like  eastings  generally  used  which  are  attuned  only  t 
well  to  the  new  rapidity  of  motion.  .  At  any  rate,  we  all  knc 
that  we  want  Yery  much  stronger  tools.  It  may  be  remember 
that  some  years  ago  I  told  this  Society  that  the  proper  way 
design  a  lathe  bed  was  to  build  it  all  up  in  a  solid  chunk  a: 
then  modify  it  a  little  by  putting  a  slit  through  the  middle 
let  the  chips  fall  through.  I  believe  I  said  also  that  if  lath 
were  from  three  to  four  times  heavier  than  they  are  now  the 
would  be  a  great  deal  more  work  turned  out  in  them.  If  ^ 
would  make  our  lathe  heads,  too,  in  great  masses  of  solid  ir 
terial  it  would  be  all  the  better.  Nobody  has  yet  been  bra 
enough  to  make  a  really  heavy  lathe,  but  in  my  opinion  there 
going  to  be  a  tremendous  revolution  in  this  respect  in  the  nc 
ten  years,  in  all  of  our  machine-tools.  None  have  had  the  coi 
age  to  go  at  it  yet,  but  it  is  going  to  come — ^but  gradually,  li 
all  great  developments.  Another  thing  we  are  going  to  do  is 
use  milling  machines  very  much  more  than  we  do  now  in  1 
place  of  planers.  This  is  because  of  the  great  defect  in 
planers  of  moving  the  heavy  weight  of  the  table  plus  the  wo 
Thus  we  must  fight  inertia  in  both  stopping  and  starting,  i 
other  defect  of  planers  as  now  built  is  cutting  in  one  direct 
only.  All  this  is  going  to  bring  us  to  contrive  new  forms 
milling  machines.  Planers  will  remain,  of  course,  but  they  \ 
be  modified,  in  many  cases  by  making  the  tool  move  rather  tl 
the  work,  thus  following  the  general  principle  used  in  shap 
more  than  we  do  at  present.  How  all  this  will  develop  we  can 
see  just  now,  but  it  is  bound  to  come.  We  cannot  use  a  high-sp 
tool  at  high  speed  on  an  orcHnary  planer,  and  for  that  reaa 
and  for  other  reasons  that  I  might  mention,  the  present  mach 
is  likely  to  become  somewhat  obsolete  in  the  near  future. 

Prof,  John  E,  Sweet.* — I  am  sorry  that  more  time  was 
available  for  discussion.     As  to   the  worm  gear's  not  prov 
satisfactory  for  elevators  I  was  not  conscious  of  the  fact. 
I  were  in  the  business  I  would  not  abandon  them  until  I  1 
skewed  around  a  worm  in  a  spur  gear  and  tried  (hal. 

*  Author's  closure  under  the  rules. 
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AIR    MOTORS  AND    AIR    HAMMERS. 

APPARATUS  AND  METHODS  FOR  TESTING. 

BT  MAX  H.  WICKH0R8T,  AURORA,  ILL. 

(Jonlor  Member  of  the  Society.) 

1.  The  apparatus  and  methods  described  below  are  those  used 
in  some  extensive  tests  of  air-drill  motors  and  air  hammers  made 
by  the  Chicago,  Burlington  and  Quincy  Railroad  Co.  in  its  labora- 
tory at  Aurora,  HI.  The  tests  were  made  for  the  purpose  of  deter- 
nuning  the  air  consimiption,  horse-power,  stalling  load  of  motors, 
number  and  force  of  hammer  blows,  etc. 

Oeneral  Arratigement. 

2.  The  general  arrangement  of  the  apparatus  is  shown  in  Fig. 
1^  and  in  photograph,  Fig.  19. 

The  air  used  for  making  the  tests  was  obtained  from  the  shop 
supply,  which  was  generally  about  60  or  70  pounds.     As  we  de- 
sired pressures  varying  from  60  to  120  pounds,  we  stepped  up 
the  pressures  by  pumping  the  air  through  a  9-inch  Westinghouse 
pump  which  had  the  air  cylinder  bushed  to  a  diameter  of  7  inches. 
This  bushing  was  necessary  as  the  steam  pressure  at  the  Labora- 
tory is  only  about  60  pounds.     The  air  was  then  pumped  into 
fe«enroir  No.  1,  with  ordinarily  a  pressure  of  140  or  150  pounds. 
From  here  the  air  was  allowed  to  flow  into  reservoir  No.  2,  where 
it  WIS  maintained  at  any  pressure  desired  by  means  of  a  reducing 
nive,  which  was  a  regular  1-inch  Westinghouse  air-pump  gover- 
nor.   An  oil  cup  containing  a  thermometer  was  screwed  into 
reservoir  No.  2,  and  was  used  to  determine  the  temperature  of 
the  air  supplied  to  the  tool.     Another  thermometer  was  also  used 
to  note  room  temperature. 

^Preseoted  at  the  New  Fork  meeting,   December,  1908,  of  the  American 
8oeietT  of  Mechanical  Engineers,  and  forming  part  of  Volume  XXV.   of  the 
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3,  From  the  reservoir  No.  2  tlie  air  paBsed  through  a  meter. 
This  is  a  high-pressure  meter  made  hy  the  Equitable  Meter  Co., 
Pittebu^,  Pa.,  aud  in  construction  is  similar  to  an  ordinary  gaa 
iiiHiT.  lie  air  alternately  filling  out  and  exhausting  from  leather 
lieiloivi.  From  here  the  air  was  delivered  to  the  tool  to  be  tested, 
(bmii^h  II  S-inch  pipe  aiiH  l|-ineh  hose.  At  the  pnint  where  the 
'irii^i-  ileliveicd  to  ilic  tool  wo  had  ati  cxpan.-iou  (''lll^'i^tin_lJ  of  a 


iinch  Tee,  with  an  internal  diamotrr  of  about  2^  inches,  in  which 
<¥  determined  the  pressure  by  means  of  a  gauge.  Care  was  taken 
lliai  between  the  point  where  the  pressure  readings  were  taken 
mJ  the  tool  to  be  tested,  there  was  no  contraction  in  the  supply 
ppe  Bmaller  than  the  openine  into  the  tool  under  test. 

4.  For  the  purpose  of  calibrating  the  air  meter  we  used  the 
'ink  a*  shown  in  Kig.  IH.  This  tank  haii  a  gauge  glass  its  full 
length,  and  its  cubic  capacity  was  determined  for  each  5  inches  on 
ihe  ghies  by  weigliing  the  water. 

5.  The  records  of  time,  revolutions  of  motor,  air  consumed  and 
rtrokee  of  hauuner  were  obtained  autographieally,  using  the  record 
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tabic*  shown  in  Fig.  IS.  The  records  were  obtained  on  glaze 
nianilla  paper  14  inches  wide,  moving  across  the  table  und^ 
electro-magnetic  pens.  The  driving  mechanism  of  the  paper  co: 
sisted  of  an  air  motor  and  suitable  gearing.  The  electro-magn© 
actuated  stylographic  pens  feeding  red  ink.  One  of  the  pei 
was  actuated  by  a  clock,  making  a  contact  every  five  second 
Another  was  actuated  by  the  air  meter,  a  wiper  making  conta 
with  the  teeth  of  one  of  the  gear  wheels  in  the  recording  mecha 
irsm  and  each  contact  representing  about  J  cubic  foot  of  ai 
The  third  pen  was  used  to  record  the  revolutions  of  the  moto 
by  arranging  a  wiper  and  a  simple  gearing,  so  as  to  make  a  conta 
every  5  revolutions  of  the  socket  for  holding  the  drill. 

C.  In  calibrating  the  meter  the  method  was  to  have  the  calibi 
tioii  tank  about  full  of  water,  the  valve  from  the  meter  opened u 
thus  allowing  full  pressure;  the  outlet  valve  was  opened,  ti 
record  ])ap(?r  started  going  and  as  the  water  in  the  gauge  ^ 
passed  the  marks  5  inches  apart  record  was  made  by  the  observ 
pressing  a  push  button.  The  meter  at  the  same  time  made  : 
own  record,  and  thus  we  were  able  to  figure  out  the  number 
cubic  feet  per  contact  or  per  notch.  We  also  obtained  record 
5-second  intervals.  As  the  readings  of  the  meter  varied  son 
wliat  with  different  rates  of  flow,  calibrations  were  made  at  d 
ferent  rates  by  varying  the  opening  at  the  outlet  valve.  A  a 
bration  curve  was  then  made  by  plotting  notches  per  minute 
abscissfe  and  cubic  feet  per  notch  as  ordinates.  A  number  of  c 
bration  tests  were  made  during  the  course  of  the  tests  of  the  toe 

The  various  gauges  used  from  w^hich  pressure  reading?  :m 
taken  were  previously  checked  up  and  adjusted  by  means  oi 
C'rosby  Dead  Weight  Tester. 

j\Iotor  Tests  and  Calcidations. 

7.  The  arrangement  used  for  testing  motors  is  also  shown 
rig.  l.s  and  in  the  ])h(»t()grai>li.  Fig.  iiiO.  The  arrangement  was 
apj)ly  the  load  by  means  of  a  Prony  Friction  brake,  the  revo 
tions  being  recorded  by  means  of  a  wiper  making  contact  eve 
five  revolutions.  The  air  consumption  and  time  were  recorded 
depcribod  above. 

8.  The  procedure  was  to  first  regulate  the  pressure  in  reserve 
No.  2  at  60  pounds,  then  put  on  a  light  brake  load,  keeping  t; 
constant  during  the  test  with  full  open  throttle.     Another  t 
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Tuthen  made  with  heavier  brake  load  with  the  same  air  pressure, 
and  the  increments  of  load  continued  in  succeaaive  tests  till  the 
tool  was  stalled.  Then  air  pressures  of  80,  100  and  120  pounds 
wn?  uaed  in  the  same  manner.  A  sample  of  a  motor  record 
rfdupfd  is  shown  in  Fig.  21. 

9.  Tible  No.  1  shows  a  sample  data  sheet,  and  the  various  items 
and  calculations  were  obtained  as  follows: 


Fia    21). 


Xii.  1  and  Xo.  2  are  pressures  as  read  by  an  observer  on  gauges 
>nd  are  pressures  above  atmospheric  preswnre, 

Xo.  3  is  teniiM'rature  in  degrees  Fahrenheit  of  the  compressed 
tir  in  reservoir  No.  2. 

No.  4  is  tlie  meter  contacts  or  notches  obtained  from  the  auto- 
gnphic  record  included  in  a  strip  of  record  covering  one  minute 
M  (Worded  by  the  cloct. 

Ko.  S  is  the  cubic  feet  of  compressed  air  per  meter  notch  as 
"btaincd  from  the  calibration  eliart. 
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No.  6  is  the  cubic  feet  of  compressed  air  per  minute  obtais 
by  multiplying  Nos.  4  and  5. 


rUich  spare  a  6  rcvolotions  of  motor 
A '       ' k »      ^      ^      '     •      *      *      *       * » \ » >       0 » k_Jk \ *__» K K L 


Lab.No,6i1.54IM 


Burlington  Route  Laboratory 

Aurora,  III. 

TEST  OF  AIR  MOTORS 

190S. 

Fac-atmil9  Motor  Record 

(about  I  tiu) 
1  minute. 

X.  Y.Z.  tfOTOR  **P«*  ^P^  •**•  '•^ 

No.  187  Test  No.  72  B 

N.P.U.  19.4  R.P.M.  185 

Aug.lTth.  1908. 


-^  Paper  moves  in  this  direction 


Each  notch* 207  cubic  feet  comp.  air 

--j 1 1 _    : 1 1 r- 

I  ~  1     Each  space  ■■  6  seconds 


Wirkhor^t,  MM.  **■•*"*  •-'*«■.••'• 

Fio.  21. 


No.  7  is  the  number  of  cubic  feet  of  free  air  per  minute  ol 
tained  from  No.  6  by  the  following  formula : 

CAx(P  +  15) 
Ji  A--         jg 

where  F  A  =  free  air  in  cubic  feet  per  minute. 

C  A  =  conii>ressed  air  in  cubic'feet  per  minute. 
P  =  pounds  gauge  pressure  at  tool. 

No.  8  is  the  revolutions  per  minute  of  socket  for  holding  t 
drill  and  is  obtained  from  the  autographic  record. 

No.  9  is  the  brake  load  as  shown  by  the  weight  on  the  scale 
the  end  of  the  lever  arm,  usually  three  feet,  except  with  t 
miallcr  motors,  wliere  the  lever  arm  was  two  feet.  This  bra 
load  was  pre-determined  and  kept  constant  by  an  observer  duri 
(iach  test. 

No.  10  is  the  brake  horse-power,  and  was  calculated  as  per  f 
lowing  formula: 
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HI'Mxfirx  3.1416  > 


33000 

where  B  U  P  =  brake  Ijorse-power. 

M  P  M  =  revolutions  per  minute  of  brake-wheel. 
r  =  radius  in  feet  of  brake-lever. 
w  =  weight  in  pounds  on  ecale. 


No.  11  is  the  load  on  scale  which  was  just  sufBcient  to  etall  the 
tool. 

No.  12  ia  tlie  stalling  load  at  one  foot  radius  calculated  from 
No.  11. 

No.  13  ia  the  cubic  feet  of  free  air  consumed  per  minute  per 
horse-power,  oblainfid  by  dividing  No.  7  by  No.  10. 

10.  After  obtaining  these  various  data  we  plotted  three  curve 
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TABLE  I. 

BCHLINaTOU  ROUTB  LABORATORY,  Li 

Aurora.  Ill, 

TEST  OF  Alli  MOTORS, 

D*U  Sheet. 

A  IB  MOTOK  Tebt. 
Maeih:  AirToolCo.  Naxe  or  Tool  :  Mmdota.  Size:  8. 

WilQBT ;  47  Lbs.  Bebial  NniiBBR :  ae.  C*UT  : 


Datk:  8/4-08,    Tkmpekai 


5.  Tempr.  conip.  ut. 
}.  Cu.  ft.  C.  A.  mill.. 


.sffit    .set 
,a   '  S,8   !  5,3 
81. S     4S. 

lis  I      91 

is        30  I      S5 

M    i.ar    i.sa 
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sheets  to  show  up  the  results  by  the  graphic  method,  representing 
in  each  case  the  air  pressure  as  abscissae.  On  one  we  plotted  as 
ordinates  the  stalling  load  at  one  foot  radius,  on  another  the  air 
consumption  in  cubic  feet  of  free  air  per  minute  per  horse-power 
at  maximum  horse-power,  and  on  the  other  the  maximum  horse- 
power. 

Air  Ilamrner  Tests  and  Calculations, 

11.  The  arrangements  for  testing  air  hammers  is  also  shown  in 
Fig.  18  and  photograph,  Fig.  22.   The  method  in  general  was  to  let 


•  1  notch  ".288  cubic  feet  comp.-air 


Lab.Nc.621.54  H  11 
RIVETING  HAMMER  Burlington  Route  Laboratory 

Xo.  225  Test  No. ^25  B.  Aurora,  III. 

N.P.M.  22  S.P.M.  906  TEST  OF  AIR  HAMMERS 

Au«.19th.  1903.  1903. 

Fac- simile  Hammer  Record 

5  seconds. 

Report  Sept.  5th.  1903. 

Paper  moves  In  this  direction f 


'<:: :.  :::;:{immmA%'im^'^ 


o       Each  "wave"  is  one  stroke 

o        Vertical  height  of  each  wave  Is  the  distanoe 


_  « 
O    « 

a. 


weii^ht  is  lifted  multiplied  by  8. 


& 


r>  soconds- 


AM.BAkK  H^ttl  Cri.,N.V, 

Fro.  23. 


the  hammer  strike  upward  against  a  known  weight  adjusted  to  the 
>ize  of  the  hainnier  and  to  autographically  record  the  distance  the 
weight  was  lifted.  The  weights  varied  from  about  40  to  15C 
pounds,  and  the  vertical  lift  was  multiplied  8  times  on  the  record. 
The  time  and  air  consumption  were  recorded  as  above  described, 
an«l  a  >ainph'  of  one  of  the  records  obtained  is  shown  in  Fig.  23. 
12.  The  results  of  test  were  recorded  on  a  blank,  copy  of  which 

18  shown  in  Table  11. 
Xo.  1  and  Xo.  2  are  gauge-pressure  readings  as  noted  by  an 

observer. 
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Makeu  :  Air  Tool  Co. 
Weight  :  32  lbs. 
Wt.  Plunger  :  1  lb. 

Rkmakkb : 


TABLE   II. 


Air  Hammek  Test. 

Name  of  Tool  :  Vulcan. 
Serial  Number  :  8171. 
DiAM.  Ctlindeb  :  l^c". 


Lab.No.eSl.M 
Tertfin. 


IS 


Sube:  8. 
Co0t: 
Stroke  Isobsi  :  8> 


Date  :  7/22-03. 


Temperature  Atmobpherk  :  67  deg. 


1.  Press.  refl<»rv()ir 

2.  "      at  tool 

8.  Temp.  comp.  air.... 

4.  Notches  per  niin. . . . 

5.  Cu.  ft.  per  notch  . . . 

6.  Cu.  ft.  C.  A.  min... 

7.  Free  air 

8.  Strokes  jwr  min. . . . 

9.  Wfight 

10.  Dij»tance  rai»-eU 

11.  Ft.  lb«.  pvr  blow    .. 

12.  norse-powcr 

18.  "Seven"  p<T  11. -P. 


A 

B 

60 

80 

60 

80 

88 

90 

29 

24 

.271 

.200 

7.85 

6.45 

39.2 

40.8 

834 

892 

120 

120 

.004' 

.0052' 

.48 

.624 

.0122 

.0108 

3.200 

2,400 

6.75 

51.6 

964 

120 

.006' 


.021 
2,400 


120 
130 
91 
21 
.268 
'  5.68 
.  50.6 
1,000 

I 

120 
.0065'  ' 

i  .7818    ' 
I  .0230 
2.100 


(Signed) 


Observer, 


BURLIN«TON  ROUTE  LABORATORY 
Aurora,  111. 

TEST  OY  AIR    HAMMERS, 

1903. 

Data  Sheet. 
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No.  3  is  the  temperature  in  degrees  Fahrenheit  of  the  com- 
pressed air  in  reservoir  No.  2  as  noted  by  an  observer. 

No.  4  is  the  meter  contacts  or  notches  per  minute  as  obtained 
from  the  autographic  record. 

No.  5  is  the  cubic  feet  of  compressed  air  per  notch  as  obtained 
from  the  calibration  chart 

No.  6  is  the  cubic  feet  of  compressed  air  per  minute  obtained 
by  multiplying  Nos.  4  and  6. 

No.  7  is  the  cubic  feet  of  free  air  per  minute  obtained  by  the 
same  fonnula  as  given  under  air  motors. 

No.  8  is  the  number  of  strokes  per  minute  obtained  from  the 
record  bj  counting  the  strokes  made  in  one  minute. 
No.  9  is  the  pounds  of  the  weight  placed  over  the  hammer. 
No.  10  is  the  average  distance  in  feet  the  weight  was  raised  as 
obtained  from  the  record. 

No.  11  is  the  foot  pounds  of  effective  work  per  blow^  obtained 
bj  multiplying  the  weight  in  pounds  by  the  distance  in  feet  it  was 
raised. 

No.  12  is  the  horse-power  of  the  hammer^  obtained  as  per  fol- 
lowing formula : 

^  p  _  ft.  lbs.  X  blows  per  min. 

33000 

No.  13  is  the  cubic  feet  of  free  air  per  minute  per  horse-power. 

13.  After  obtaining  the  results  of  test,  three  curves  were 
plotted  from  them  as  follows^  in  each  case  the  pounds  gauge  pres- 
aure  being  plotted  as  abscisssB  and  the  following  as  ordinates:  foot 
pounds  per  blow,  cubic  feet  of  free  air  per  minute  per  horse-power 
md  horse-power. 

14.  In  conclusion,  the  author  desires  to  express  his  special 
lianks  and  acknowledgments  to  Mr.  H.  F.  Wardwell,  who  did  the 
plater  part  of  the  work  in  making  the  designs  and  tests. 

DISCUSSION. 

Hfr.  Frank  0.  ITobart. — The  method  here  described  of  ar Tang- 
ly the*  haninier  to  strike  against  a  weight  and  basing  calculations 
|>on  tlie  displacement  of  this  weight  would  seem  useful  only  for 
l>taiiiinf^  comparisons  between  different  hammers. 

The  facsimile  diagram  shows  a  movement  of  the  pencil  of  about 
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jl  inch,  corresponding  to  a  movement  of  the  weight  of  not  more 
than  ^  inch.  With  this  small  movement,  together  with  the  long 
lever  reductions  between  the  weight  and  the  pencil,  the  high 
speed  and  the  various  questions  about  impact,  weight,  friction, 
etc.,  I  should  not  expect  the  figures  based  on  the  diagram  could 
be  accurate. 

Fig.  24  shows  two  diagrams  made  on  one  sheet  of  paper  by 
liV  X  6  inch  riveting  hammers  on  a  machine  which  we  are  using 
for  ai^hallmler  testing.  It  shows  the  number  of  blows  per  min- 
ute, length  of  stroke  of  the  pistons,  velocity  of  pistons  at  every 
portion  of  the  stroke  and  the  position  of  the  pistons  at  every  in- 
stant. Knowing  the  weight  of  the  piston,  its  velocity  at  impact 
and  the  number  of  blows  per  minute,  the  ability  of  the  hammer 
to  do  work  can  be  calculated.  The  effect  of  changes  of  port  areas 
or  other  details  of  the  hammers  is  very  clearly  shown  by  such 
Jia/H'anis. 

The  machine  consists  of  a  drum  driven  by  a  small  air  motor  at 
a  periphery  speed  of  about  2,000  feet  per  minute.     A  centrif- 
"pal  governor  holds  this  speed  very  nearly  uniform,  and  a  paper 
«'ound  on   this   drum  receives  the   diagram.      The  hammer  is 
mounted  with  its  length  parallel  to  the  axis  of  the  drum,  and  in 
Mich  |)o«ition  that  a  slender  steel  rod  connects  the  piston  to  a 
pencil  slide  which  marks  the  position  of  the  piston  on  the  diagram. 
All  of  the  moving  parts  are  very  delicate  and  do  not  interfere,  so 
far  as  can  be  detected,  with  the  action  of  the  piston.     The  ma- 
chine was  built  for  experimental  work  and  for  testing  hammers 
hy  Fairbanks,  Morse  &  Co.  for  use  at  their  works  at  Beloit,  Wis. 
.Ur,   M.   II.   Wickhorst* — Commenting  on  Mr.   Hobart's  re- 
iiarks,  I  would  say  the  tests  were  made  for  the  purpose  of  coni- 
aring  the  various  hammers  on  the  market,  and  I  wish  to  correct 
is  impression  concerning  the  distance  the  weight  was  lifted  in 
e  tests.      The  sample  record  as  printed  is  only  a  little  over  one- 
th  size.      The  method  of  studying  a  hammer  which  he  describes, 
ibonld   think,  would  be  decidedly  valuable  to  a  designer,  and 
very  ^la^  that  he  has  presented  to  the  Society  an  outline  of 
apparatus  and  the  sample  record. 


*  Aathor's  Closure  under  the  Rules. 
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No.  1016;* 

A  METHOD  FOR  DETERMINING  RATES  AND  PRIl 

ELECTRIC  POWER. 

BT  FRANK  B.  PERUT,  BOSTON,  MASS. 

(Jnnior  Member  of  the  Society.) 

1.  That  the  future  will  show  a  rapid  growth  in  the  a] 
of  electricity  to  industrial  pursuits,  operated  from  a 
located  steam-driven  electric  power  station,  has  led  me  t 
the  following  data  to  our  members,  many  of  whom  will 
find  the  methods  suggested  applicable  to  their  own 
The  advent  of  driving  textile  and  other  mills  from  a 
this  character  has  opened  a  question  for  discussion  i 
establishment  of  a  proper  basis  for  rates  to  be  charged  f( 
current  supplied  in  large  quantities* 

2.  The  contracts  drawn  up  by  electric  companies  with 
tomers  sometimes  contain  a  clause  similar  to  the  foUowi 
is  given  for  the  purpose  of  illustration,  and  is  not  in 
cover  any  specific  case:  For  a  period  of  years  from 
lessor  agrees  to  furnish,  and  the  lessee  to  receive  and  U 
within  the  times  and  on  the  terms  set  forth,  all  the  p< 
may  be  required  to  properly  operate  and  light  his  ph 
amount  of  power  to  be  determined  by  meter  readings,  i 
billed  monthly  at  the  rates  recited  below,  viz.: 

1,800  to  not  more  than  2,100  kilowatts  at  rate  of  $! 
kilowatt  per  annum; 

More  than  2,100  kilowatts  and  not  exceeding  2,520 
at  rate  of  $30.00  per  kilowatt  per  annum; 

More  than  2,520  kilowatts  and  not  exceeding  2,700 
at "i'irt(^'"f>f  "$28.50  per  kilowatt  per  annum; 


*  Presented  at  the  New  York  meeting  ( December,  1903)  of  th( 
Society  of  Mechanical  Engineers,  and  forming  part  of  Volume  X. 
I'ransactiona. 
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All  in  excess  of  2,700  kilowatts  at  rate  of  $27.60  per  kilowatt 
per  annum. 

3.  The  above  rates  are  based  on  an  annum  of  3,000  hours. 
From  this  schedule  the  following  tables  are  derived :— 


TABLE  I. 

ite  per  Kw.       EqaiT.  Ra^.e  per  H.  P.         Rate  per  Kw. 

Rate  per  H.  P 

a  Aqqdiii. 

per  Annum.                    per  Hoar. 

per  Hoar. 

tst.so 

|23.4d9                     1  .0105 

1   .007833 

80.00 

22.38                         .0100 

.007460 

28.60 

21.26                         .0095 

.007087 

27.60 

20.5896                     .0092 
TABLE  II. 

.006832 

Kilowatts  Used. 

Cost  per  Annom. 

Cost  i)er  Month. 

1,800 

$56,700.00 

$4,725.00 

2,160 

68,040.00 

5,670.00 

2,161 

64,830.00 

.  5,402.50 

2/268 

68,040.00 

5,670.00 

2,520 

75.600.00 

6,300.00 

2.521 

71.848.50 

5,987.37 

2.652.7 

75,601.95 

6,300.16 

2,700 

76,950.00 

6.412.50 

2.701 

74,547.60 

6,212.30 

Table  I.  is  self-explanatory.  An  examination  of  Table  n. 
shpws  plainly  the  faults  that  exist  in  a  schedule  such  as  that 
uauaUy  followed. 

4.  Bj  using  2,161  kilowatts,  or  one  additionalkilo'c\'attmorethan 
2,160  kilowatts,  a  yearly  saving  of  $3,210  may  be  made;  similarly 
«n  increase  of  one  kilowatt  above  2,520  kilowatts  effects  a  reduc- 
tion of  $3,751.50  per  annum,  and  one  extra  kilowatt  over  2,700 
kilowatts  lessens  the  yearly  expense  by  $2,402.40. 

5.  While  these  figures  show  the  points  in  the  schedule  at  which 
the  greatest  saving  may  be  made,  many  other  quantities  which 
tre  given  in  a  later  table  illustrate  equally  well  the  irregularity 
of  prices  based  on  such  a  list  of  rates.  The  inconsistency  of  this 
method  is  further  shown  by  the  fact  that  2,268  kilowatts  cost  the 
same  as  2,160  kilowatts,  or  108  kilowatts  may  be  utilized  without 
tny  increase  in  expense  to  the  consumer.  The  price  is  also  prac- 
tically the  same  for  2,652.7  kilowatts  as  for  2,520  kilowatts, 
which  indicates  that  any  number  of  kilowatts  between  these  limits 
ffliy  be  used  without  additional  cost  to  the  person  buying  power, 

6.  It  would  appear  from  these  figures  that  the  electric  company 
mikes  more  profit  at  some  places  in  the  schedule  than  at  others^ 
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and  on  that  account  could  furuisli  certain  amonntB  of  powiT 
gratis.  Of  course,  this  is  not  true,  but  tends  to  convince  one  of 
the  absurdity  of  the  system  that  ia  customarily  used  by  centnl 
electric  stations.  It  is  also  evident  that  the  customer,  if  he 
were  so  disposed,  might  watch  bis  meter  and  so  adjust  hia  con- 
sumption of  current  as  to  bring  about  a  substantial  decrease  in 
his  bill  for  the  mont)i.  I'or  example,  he  might  install  a  few  eztn 
machines  that  would  serve  not  only  to  increase  his  product  but 
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would  also  bo  the  means  of  diminishing  his  bill.  As  an  extrei 
case,  the  use  of  one  additional  kilowatt  would  bring  about  t) 
result.  It  also  might  prove  economical  to  bum  electric  ligl 
during  the  day  in  order  to  increase  the  current  consumption. 

7.  Both  of  these  examples  mentioned  serve  as  illustrations 
the  fact  that  it  is  within  the  consumers  jurisdiction,  by  the  ten 
of  his  agreement,  to  use  power  advantageously  with  a  results 
financial  loss  to  the  electric  company.  While  such  a  procedi 
may  be  perfectly  legitimate,  it  would  be  fairer  to  all  concern 
to  prevent  contingencies  of  this  kind  from  arising,  and  at  I 
same  time  to  provide  a  system  of  rates  which  would  be  to  i 
mutual  interests  of  both  parties. 

8.  The  horizontal  linos  ou  Chart  No.  1,  Fig.  25,  indicate  the  ra 
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for  power,  and  the  diagonal  lines  represent  the  price  per  month  for 
electric  current  covering  the  entire  range  of  the  above  mentioned 
schedule.  The  latter  lines  show  at  a  glance  the  unfairness  of  the 
system,  and  prove  conclusively  that  rates  cannot  be  adjusted 
properly  on  the  customary  basis. 

9.  The  subsequent  discussion  is  intended  to  give  a  method  for 
rearranging  a  schedule  of  rates  based  on  the  "  step-system,"  and 
for  convenience  the  aforesaid  figures  will  be  used.  The  principles, 
however,  may  be  applied  to  any  other  rates  made  up  in  a  similar 
manner. 

10.  Referring  to  Table  11.  and  applying  the  well-known  formula 

^^  "•■  0  o  1    giving  the  sum  of  the  terms  of  an  arithmetical  pro- 

gression  we  obtain  for  each  step,  assimiing  a  conunon  difference 
of  one  kilowatt,  the  following  figures: 

Vtlae  of  '*  a."  Value  of  •'  /."  Value  of »» n." 

(I)  2,161  -  2,520  kw |64,830.00  $75,600  360 

(2)2.521-2.700    •' 71,848.50  76,950  180 

11.  The  value  of  "  a,"  or  the  first  term  of  the  series  represents 
the  product  of  2,161  kilowatts  by  its  rate  per  kilowatt  per  annum. 
In  a  similar  way  the  other  terms  of  the  series  are  obtained,  "  i," 
indicating  in  each  case  the  last  term  aird  "  n  "  the  number  of 
terma. 

12.  Since  the  rate  is  constant  from  1,800  to  2,160  kilowatts,  we 
»ill  compute  simply  the  sum  of  the  series  beginning  at  2,160 
kilowatts. 

8am  of  (1)  =  (64.880     +  75.600)  180  =  $25,277,400 
••     "   (2)  =(71,848.5  +  76.950)    90=    13.891.865 

2,160  kw.  at  $81.50  =  68,040 

(3)  Total  sum  of  two  series  =  $38,737,305 

13.  With  a  varying  rate  of  power,  diminishing  in  a  fixed  ratio 
wtwecn  any  two  amounts,  it  is  possible,  by  the  substitution  of 
proper  quantities  in  an  equation  herein  deduced  by  the  writer, 
to  compute  the  value  of  the  sums  of  the  product  of  each  suc- 
weding  kilowatt  by  its  corresponding  rate. 

14.  The  horizontal  spaces  of  the  charts,  or  abscissae,  represent  in 
terms  of  kilowatts,  a  progressive  increase  in  each  successive 
number  by  the  addition  of  any  desired  equal  amount. 
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Let  (a)  =  1st  term,    {l)  =  last  term,     {d)  =  common 
(n)  =  number  of  terms,     (s)  =  sum  of  terms. 
Then  1st  term  =  «, 


2d 

a 

—  a 

+  d, 

3d 

u 

—  a 

4-     2(ly 

4th 

u 

=  a 

4-  Sd, 

I 

—  a 

+  {71- 

IH 

8 

-(a 

+  ')!• 

15.  The  vertical  spaces  of  charts,  or  ordinates,represen 
of  rates  per  kilowatt  annum,  or  per  kilowatt  hour,  a  pi 
decrease  in  each  successive  number  by  the  subtractio 
chosen  equal  quantity. 

Let  (J)  =  1st  term,    (k)  =  last  term.    {?*)  =  common  d 
{t)  =  sum  of  terms,    (m)  =  number  of  terms. 
Then  1st  term  =  J, 

2d     "     1=  5  ~  r, 
3d     "     =  5  -  2r, 
4th    ''     =  J  -  3r, 

k  =  I  —  (?;i  —  l)r, 

i  =  {b  +  k)^. 

16.  Multiplying  the  corresponding  terms  of  these  two  i 
obtain  the  following: — 

(4)  Product  of  1st  term  =  ah, 

(5)  ''        "  2d      "     ={a-^d){i'-  r), 

(6)  "        "  3d      "     =  (a  4  2d)  {h  -  2r\ 

(7)  "        "  4th    "     ={a  +  3d)  (5  -  3?^ 

(S)        "        "  last   "     =  \a  +  {n-  l)d\  |J  -  (m  -  1) 

17.  Adding  these  products,  and  developing  the  quar 
closed  in  parenthesis,  we  obtain  for  the  sum  of  1st  and 
designated  (4)  and  (5). 

(A)  Sum  of  products  1st  and  2d  terms  =  2ab  -^  hd  —  ar 

iLr  1^-  1   •              ^-      u     2                 4aJ  4-  2M  -  2 
Multiplying  equation  by  ^  = ^ — 

Substituting  values  n  =  2  and  7n  =  2  in  the  abov< 
,  ..       2ahn  4-  hd?i  —  arm  —  dnn 

(^)  = _ 
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18.  In  a  similar  manner  {B)  =  sum  of  (4),  (5)  and  (6), 

and  {O)  =     "     "  (4),  (5),  (6)  and  (7), 

(67)  =  ^  j  2a  +  (n  -  l>i  }  -  ^(3a  +  7d). 

19.  Comparing  equations  (A),  (J5)  and  (C),  we  find  that  they  are 
•like  in  all  respects  excepting  the  coefiicients  of  "  a  ''  and  "  d  " 
of  the  negative  terms. 


).  Substituting  these  values,  viz.,  for  coeflBcient  of  "  a  "  (m  —  1), 
'     and  for  coefficient  of  "c?"  ||  (m  -  2)  4- 1 1  1 7/i  - 1 1 ,  we  have 

for  the  sum  of  any  number  of  products  containing  "n"  and  "m" 

terms 

Total  sum  =  ^  |  2a  4-  (n  -  l)rf  | 

21.  In  order  to  apply  this  formula  to  the  case  in  question,  let  us 
consider  the  rate  as  beginning  at  $31.50  per  kilowatt  per  annum 
for  2,1  GO  kilowatts  and  varying  in  amount  to  $27.60  per  kilowatt 
per  annum  for  2,700  kilowatts.  By  so  doing,  we  preserve  the 
limiting  features  of  the  schedule  both  for  rates  and  for  the  quan- 
tities at  which  they  are  applicable.  Since  the  successive  steps 
in  the  first  mentioned  schedule  show  an  even  decrease  in  rate 
for  equal  increments  of  power  up  to  2,520  kilowatts,  it  is  safe  to 
issume  that  a  list  of  rates  may  be  made  up  to  vary  uniformly 
'rom  2,160  to  2,520  kilowatts  and  regularly,  but  at  a  different 
•ate,  from  2,520  to  2,700  kilowatts. 
22.    Let  X  =  rate  per  kilowatt  per  annum  for  2,520  kilowatts. 


o,  =  2,160 

a,  -  2,521 

A,  =  31.50 

^2  =  3! 

rf,  =  l 

rf,=  l 

li  =  2,520 

/,  =  2,700 

(31.5  - 
*"'     360 

X) 

(X  -  27.6) 
"^^  ~   180 

«,  =  361 

«s  =  180 

»i,  =  361 

wi2=.lS0 
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23.  Substituting  these  respective  values  in  equation  (D)  giv^s 

^  31.5  X  361  _  (B1.5--X)  x  361  x  360) 

2  V  >        ^    >      /  2  X  360 

{2,160  +  i  (722  -  1>J . 
B,  =  1-^^-^  (2,521  +  2,700)  -  ^^«)  x  180  x  179 

^  ^    X    loU 

{2,521  +t  (360-1)} 
From  the  above, 

^  __  159,655,800  -  81,886,171.5  +  2,599,561a; 
^  _  2,819,340aj  -  l,418,03Saj  +  39,137,848.8 

0 

24.  Then  in  order  to  fulfill  the  conditions  of  the  first  named 
schedule,  D^  +  D^  must  equal  (3)  or 

Di  +  J).^  =  38,737,305. 

Substituting  values  of  Di  and  7A  and  solving, 

4,000,863a?  =  115,516,292.7 

X  =  28.872. 

25.  This  value  of  "  x  "  substituted  in  expressions  for  rates  gives 
/•j  =  ^.0073  and  r-^  =  $.00706^  as  the  variations  in  charges  for 
each  kilowatt  per  annum  from  2,160  to  2,520  kilowatts,  and  from 
2,520  to  2,700  kilowatts  respectively. 

26.  The  rates  per  kilowatt  hour  become  n  =  $.0000024^,  r,  = 
$.0000023?^;  for  30  kilowatts  hours,  n  =  $.000073  and  r,  = 
$.0000706ii. 

27.  Using  this  system  as  a  basis  for  rates,  the  wording  of  the 
agreement  for  power  would  be  changed  to  read  as  follows : 

"  The  charge  for  electric  current  furnished  under  this  contract 
shall  be  made  as  per  the  chart  attached  hereto,  and  made  a  part 
hereof.'"' 

28.  The  lino  plotted  on  Chart  Xo.  2,  Fig.  26,  indicates  the  rates 
j)er  kilowatt  per  annum  which  would,  in  this  instance,  replace  the 
original  schedule  as  given  by  Chart  Xo.  1,  Fig.  25. 
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29.  The  results  obtained  by  following  die&e  lines  of  rates  neoo- 
sarilj  gives,  on  account  of  the  above  reasoniiig,  the  same  avenge 
price  per  month  as  that  computed  hy  the  "  step  "  system.  Chut 
No.  3,  Fig.  27,  is  an  example  of  the  form  of  chart  which  would  be' 
embodied  in  a  contract  for  electric  power  in  order  to  meet  tlie 
rates  outlined  in  the  original  agreement.  It  also  gives  an  ida 
of  the  siiuplicitj  of  interpreting  rates  and  prices  for  powei  bj 
making  use  of  the  scheme  proposed. 

30.  line  No.  1  is  drawn  through  points  plotted  in  accordance 
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with  the  rates  specified  onChnrt  No. 2,  Fig.  26;  the  ordinates  beii 
equal  to  rates  per  kilowatt  hour  and  the  abscissee  representing  Ul 
watts.  From  1,800  kilowatts  to  2,160  kilowatts  and  above  2,7( 
kilowatts  the  rate  is  constant  at  $.0105  and  $.0092  per  kilowa 
hour  as  rpspectively  indicated  by  the  horizontal  portions  of  tl 
line.  From  2,100  to  2,520  kilowatts  the  rate  diminishes  in 
fixed  ratio  for  each  additional  kilowatt  used,  namely,  fro 
$.0105  to  $.010062  per  kilowatt  hour;  also  from  2,520  to  2,7( 
kilowatts  the  rate  diminishes  uniformly,  but  not  so  rapidly 
between  the  points  previously  stated,  from  $.010062  to  $.001 
per  kilowatt  hour.    It  will  bo  noted  that  the  ordinates  may  1 
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reideiHily  tOnWof  a  cent  per  kilowatt  hour  and  the  abscisss  to 
3ki]ovatts  \vithout  estimating  fractional  division  of  the  spaces. 

31.  Line  No.  2  is  deduced  from  the  foregoing,  and  by  ita  means 
one  nay  detennine  at  a  glance,  knowing  the  wattmeter  reading, 
the  unount  of  each  month's  bill  for  power  consumed. 

33.  The  lower  line  of  figures  on  the  chart  represent  meter  read- 
ings in  kilowatt  hours  divided  by  one  hundred.  These  quantities 
ire  computed  by  multiplying  the  kilowatt  readings  by  250,  the 
ivetage  liours  per  month,  or  -fj  the  total  for  the  year  as  limited  by 
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'H*  contract.  Two  ciphers  are  omitted  from  these  results  to  avoid 
ffetition  of  figures.  To  obtain  the  bill  per  month,  find  the 
Dumber  on  chart  corresponding  to  that  recorded  by  the  watt- 
irter,  and  note  the  point  vertically  over  same  on  line  No.  2. 
In  tho  column  at  the  right-hand  side  of  the  chart,  horizontally 
''Pporite  this  intersection,  will  be  found  the  price  of  bill  for 
tlw  imonnt  of  power  in  question.  The  abscisste  may  be  read 
•wnntely  to  750  kilowatt  hours  and  the  ordinates  to  $5  for  the 
rorrejponding  spaces,  and  by  estimation  of  tenths  these  differences 
•uj  be  proportionately  reduced. 

33.  Charts  No.  4  to  No.  8  (Figs.  38  to  32)  inclusive  are  similar 
tOi  »nd  may  be  considered  as  supplementary  to  chart  No,  3.   Each 
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chart  includes  a  section  of  180  kilowatts  or  ^  of  the  entire  n 
from  1,800  to  2,700  kilowatts. 

34.  Lines  No.  3  and  No.  4  indicate  prices  for  power  up  to 
including  2,160  kilowatts  at  a  constant'  rate  of  $31.50  per  1 
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watt  per  annum,  or  $.0105  per  kilowatt  hour.  lines  No.  5,  ] 
and  No.  9  represent  rates 

varying  respectively  from  $31,50    to  $30,186  per  kw.  per  an 

"                "             "        30.186  "     28.872  "     "      "       ' 

"               "             "        28.872  "     27.60  "     "  -  "       ' 

or  from                          $.0105       to  $.010062  per  "      "      1 

.010062    "      .009624  "    "      " 

.009624    "      .0092  "    "      " 


35.  Linos  Ko.  6,  No,  8  and  No.  10  show  prices  per  mont 
power,  varying  in  the  order  given  from  2,160  to  2,340  kilo^ 
from  2,340  to  2,520  kilowatts  and  from  2,520  to  2,700  kiloi 
Each  of  the  spaces  on  tlic  charts  No,  4  to  No,  8  inclusive  occ 
by  the  abscissro  represent  1  kilowatt  or  250  kilowatt  hours  s 
case  may  be,  consequently  arc  well  within  the  limit  that  it  i: 
sible  to  read  a  recording  wattmeter  of  3,000  kilowatts  capaci 
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reater  accuracy  is  also  attainable  in  determination  of  rates 
ratt  hour  or  the  total  bill  for  the  month.  This  may  be 
0  a  still  further  degree  of  refinement  by  an  increased  sub- 
of  the  amounts  of  power  and  their  accompanying  rates, 
iciples  enumerated  may  be  applied  equally  well  to  a 
t  of  powers  with  any  predetermined  rates.  The  Table 
esented  to  show  the  comparison  of  prices  per  month  that 
paid  for  various  amounts  of  power  by  the  original  agree- 
d  also  by  the  lines  illustrated  on  charts  No.  3  to  No.  8 
(Fig.  27  to  32). 

TABLE  III. 


Kw.  Ilrti. 

Monthly  Bill- 

C^a 

per  month 
of 

Rate  per 
Kw.  Hr. 

niffprtf»nr#i 

VWH* 

j^iuvrivuWa 

250  Ure. 

By  Chart. 

By  Schedule. 

i,160 

540,000 

$.0105 

$5,670.00 

$5,670.00 

*■*    ••••••• 

^190 

547.500 

.010427 

5,708.78 

5,475.00 

-  $283.78 

^220 

555,000 

.010854 

5,746.47 

5,550.00 

-    196.47 

8,260 

562,500 

.010281 

5,788.06 

5,625.00 

-    158.06 

2.280 

570,000 

.010208 

5,818.56 

5,700.00 

-    118.56 

8.310 

577.500 

.010135 

5.852.96 

5,775.00 

-      77.96 

2.340 

585,000 

.010062 

3,886.27 

5,850.00 

-      86.27 

J,870 

592,500 

.009989 

5,918.48 

5,925.00 

+        6.52 

2.400 

600.000 

.009916 

5.949.60 

6,000.00 

+      5a.  40 

2.430 

607,500 

.009843 

5,979.62 

6.075.00 

i-      95.88 

2.460 

615,000 

.00977 

6,008.55 

6,150.00 

+    141.45 

2.490 

622,500 

.009697 

6,086.38 

6,225.00 

+    188.62 

2.520 

630,000 

.009624 

6,063.12 

6,800.00 

+    236.88 

2,550 

687,500 

.  00955:^3  i 

6.090.25 

6,056.25 

-      84.00 

2.580 

645,000 

.00948261 

6,116.82 

6,127.50 

+      11.18 

2.610 

652.500 

.009412 

6.141.88 

6.198.75 

+      57.42 

2.640 

660.000 

.009841 3 J 

6.165.28 

6,270  00 

+     104.72 

2.670 

667.500 

.00927061 

6.188.17 

6.841.25 

+    158.08 

2,700 

675,000 
Total.... 

.0092 

• 

6,210.00 
$118,383.20 

6,412.50 

+    202.60 

$113,726.25 

-$393.06 

ferring  to  the  tabulation,  one  may  observe  that  between 
i  2,370  kilowatts,  the  chart  gives  figures  higher  than 
lule,  while  from  2,370  to  2,520  kilowatts  the  monthly 
lower.  As  previously  stated  above,  the  average  is  prac- 
e  same.  The  last  line  of  the  table  shows  that  for  the 
cen  the  discrepancy  between  the  chart  and  the  schedule 
to  about  I'Vij'ff  of  1  per  cent.  This  diflFerence  would  be 
by  choosing  smaller  sub-divisions  and  would  finally 
J  zero  when  the  points  are  taken  at  1  kilowatt  intervals. 
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I 

i 

t  Of  course,  if  the  meter  should  indicate  a  use — say  of  2,520  kilo- 
watts per  month  considerably  more  would  be  paid  to  the  central 
station  by  the  chart  system  than  by  the  schedule.  It  is  equally 
true  that  there  are  points  on  the  chart  lines  where,  if  the  meter 
should  read  the  proper  amount,  the  bill  would  be  less  than  by 
the  schedule. 

■ 

38.  The  convenience  of  this  method  in  determining  the  value  of 
bills  rendered  each  month  should  be  appreciated  both  by  the 
electric  company  and  by  the  user  of  current.  There  is  no  con- 
flicting of  rates  or  prices  with  such  a  system,  and  bills  increase 
gradually  and  consistently,  as  they  ought,  in  proportion  to  the 
amount  of  power  used.  This  method,  which  is  equally  fair  to 
producer  and  to  consumer  has,  to  the  best  of  my  knowledge, 
not  been  used  up  to  the  present  time  by  any  Central  Electric 
Station  for  finding  costs  of  current  where  varying  rates  per  kilo- 
watt annum  or  per  kilowatt  hour  are  involved. 
^  39.  These  ideas  are  submitted  with  the  belief  that  their  adoption 
I  will  bring  about  more  satisfactory  results  than  can  ever  be  realized 
by  a  continuance  of  the  so-called  "  Step  "  system  of  rates. 


DISCUSSION. 


ifr.  R.  S.  Hah. — Mr.  Perry's  illustration  is  nothing  more  or 
less  than  the  usual  scheme  of  discount  based  upon  quantity,  al- 
though it  is  stated  in  figures  per  kilowatts.     That  is,  he  might 
«eta  price  of  $31  per  kilowatt  up  to  $60,000  per  year  and  there 
would  be  no  discount;  above  that  there  would  be  5  per  cent,  dis- 
count, and  so  on.     The  bad  feature  of  this  plan  is  that  it  permits 
the  use  of  a  little  more  current,  in  some  cases,  actually  to  reduce 
the  bill,  which  is  taken  care  of  in  most  electric  companies  by  pro- 
riding  that  the  customer  need  in  no  case  pay  more  than  if  he  had 
actually  used  the  amount  necessary  to  obtain  the  higher  discount. 
This,  of  course,  is  equivalent  to  making  no  charge  for  some  of 
the  current  used.     In  other  cases — as,  for  instance,  the  Chicago 
Edison  Company — the  contract  provides,  "  Intermediate  discounts 
to  be  determined  by  interpolation  " ;  and  this  gives,  I  understand, 
no  trouble  in  practice.     It  is  of  course  practically  just  the  method 
that  Mr.  Perry  suggests.     The  best  way,  however,   is  what  is 
known  as  the  block  system:  By  selling  the  first  2,000  kilowatts  at 
wiy  $41  each;  the  next  700  kilowatts  at  $29  each,  making,  how- 
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ever,  no  reduction  on  the  first  2,000;  the  next  200  might  be  so 
at  $28  each,  and  so  on.  The  proper  average  rate  can  be  obtains 
in  this  way. 

Tlic  most  important  feature,  however,  in  determining  rates 
entirely  omitted  by  !\[r.  Perry,  and  depends  on  the  difEerence  h 
twecn  kilowatts  and  kilowatts  hours.  Thus  2,000  kilowatts  use 
for  3,000  hours  is  six  million  kilowatts  hours,  and  a  price  of  $3' 
per  kilowatt  is  one  cent  per  kilowatt  hour.  If  now  the  amoan 
should  be  determined  bv  a  kilowatt  hour  meter,  the  custome 
might  use  the  six  million  kilowatt  hours  during  only  1,500  hour 
of  the  year,  using  4,000  kilowatts  during  that  time;  the  kilowat 
hour  meter  would  still  show  six  million  kilowatt  hours  as  before 
but  the  central  station  would  have  to  have  twice  the  investment  ii 
engines,  dynamos,  boilers  and  so  forth,  that  it  would  have  to  havi 
if  the  current  was  used  during  3,000  hours,  and  the  central  sta 
tion  would  lose  money.  If,  on  the  other  hand,  the  customer  use< 
the  six  million  kilowatt  hours  during  20  hours  per  day,  or  6,00< 
hours  per  year,  using  day  and  night  service,  the  central  statioi 
would  require  only  1,000  kilowatts  of  machinery,  only  half  tb 
investment  and  outlay,  and  would  make  a  much  greater  profit 

There  are  a  great  many  systems  in  use  by  central  stations  fo 
taking  care  not  only  of  the  feature  that  makes  the  argument  fc 
Mr.  Perry's  paper,  but  other  important  features  that  must  be  coi 
sidered  when  a  central  station  makes  its  rates.  At  Niagara  Fal 
the  published  rates  were  $1  per  kilowatt,  based  on  the  maximm 
taken,  or  the  minimum  power,  that  the  customer  used  at  any  oi 
time,  corresponding  to  the  amount  of  machinery  the  compat 
had  to  ke(q)  ready  for  that  customer,  and,  in  addition,  2  cents  p 
kilowatt  hour  for  the  current  used  up  to  1,000  kilowatt  hours, ' 
cent  per  hour  for  the  next  1,000  kilowatts  hours,  lyV  of  a  ee 
for  the  next  1,000  kilowatts  hours,  and  so  on.  These  illustra 
only  one  of  the  manv  methods  that  have  been  used  in  deterraim. 
the  charges  for  electric  light  and  power. 

Prof.  W.  W.  Crosby:^' — At  Wobum,  Mass.,  a  system  was  ( 
vised  by  Mr.  L.  K.  Wallis,  at  that  time  General  Manager  of  1 
electric  light  plant,  called  by  him  "  The  Foresee  (4-C)  System 
Charging,"  which  is  interesting.  In  this  system  each  custon 
paid  certain  union  charges  based,  first,  on  capacity  demanded  ai 
second,  current  used.     The  name  was  suggested  from  the  folk 

*  SubtDitted  after  adjournment. 


RATES   AND  PRICES   FOR   ELECTRIC   POWER.  135 

ing sentence:  "  A  Capacity  Charge  and  a  Current  Charge."     The 
capacity  charge  was  figured  as  follows : 

F  =  Fixed  charges  per  annum  on  unit  cost  of  plant. 
N=  Xumber  of  sixteen-candle-power  lamps  per  unit. 
C  =  Average  "  capacity  charge  "  per  annum  per  sixteen-can- 
dlepower  lamp. 
F 

The  following  quotation  from  the  paper  delivered  by  Mr. 
Wallis  before  the  National  Electric  Light  Association  in  1901 
explains  the  system  further: 

"After  obtaining  the  average  capacity  charge  per  sixteen-candle- 
power  lamp,  the  minimum  and  maximimi  charge  per  lamp  is  easily 
detenuined,  and  a  sliding  scale  between  the  minimum  and  maxi- 
mum is  readily  made  that  will  result  in  an  equitable  distribution  of 
the  fixed  charges  among  the  various  customers.  While  it  is  per- 
fectly consistent  to  expect  the  customer  to  reimburse  the  station 
for  all  the  fixed  charges  that  it  has  to  meet  to  furnish  him  with 
thr'  service  he  requires,  the  proposition  is  only  to  insure  the  sta- 
ti<m  against  loss  in  carrying  capacity  for  him,  and  to  secure  this 
protection  it  is  not  necessary  to  charge  the  full  amount  shown  as 
\^'\\\g  the  total  fixed  charges,  as  the  object  is  accomplished  when 
a  large  proportion  of  the  fixed  charges  are  guaranteed. 

**The  probable  fact  that  all  of  the  consumers  will  not  demand 
their  maximum  contracted  capacity  at  the  same  time  should  be 
taken  into  consideration  in  establishing  the  capacity  tariflF,  but 
>lioiil(l  not  be  made  the  basis  for  individual  concessions.'' 

The  capacity  schedule  is  made  up  on  the  basis  of  the  number 
"f  lamps  demand(Ml  on  a  yearly  rate  and  a  monthly  rate.  There 
i"*  also  a  schedule  of  rates  from  October  to  June,  and  then  for 
June  to  October,  this  latter  charge  being  less  than  the  charge  for 
w'inter  months.  I  may  add  that  in  the  practical  working  of  the 
V'stem  I  found  that  as  a  customer  there  was  much  to  commend  it. 

J/r.  Perry* — Reidying  to  Mr.  Hale's  remarks,  I  wish  to  say 
that  the  contract,  which  contained  rates  similar  t^o  those  chosen 
for  the  illustration  in  the  paper,  included  no  clause  of  any  kind 
w'hich  woubl  produce  a  discount  or  reduction  in  bills  other  than 
that  covered  by  the  schedule  itself.  The  omission  from  the  con- 
tract of  the  usual  proviso,  which  stipulates  that  "  the  customer 

*  Author's  Closure  under  the  Rules. 


136  RATES  AND  PRICES   FOR  ELECTRIC   POWER. 

shall  not  be  billed  a  less  amount  for  the  use  of  a  larger  quantity 
of  current,  alluded  to  by  Mr.  Hale,  has  in  this  case  served  to  bring 
out  even  more  strongly  the  existing  fault  in  the  present  "dis- 
count system."  With  the  latter  it  is  a  fact,  as  pointed  out  by  Mr. 
Hale,  that  no  charge  is  made  for  some  of  the  current  used.  There 
is,  therefore,  something  radically  wrong  with  the  system  on  ac- 
count of  this  inconsistency,  which  could  not  possibly  occur  with 
the  "  chart  system." 

To  make  the  defect  more  apparent,  the  following  figures  are 
interesting,  because  they  indicate  what  ordinarily  happens  in 
applying  the  *'  discount  system."  This  data  was  given  me  by 
a  gentleman  who  formerly  operated  a  5  horse-power,  500  volt, 
direct  current  motor  from  a  central  station  circuit.  The  mini- 
mum charge  per  month  in  this  instance  was  $3,  and  the  base  rate 
was  10  cents  per  horse-power  hour.     Here  are  some  of  the  bills: 

(1)  April  1st  to  April  24tli,  211  horse-power  hours,  discount  80  p.  o fli?? 

(2)  "    24th  "  May  27th,  810  "  **  "  40  "  18.W 

(8)  May  27th  **  June  25th,  192  "  **  *'  20  ••  15.W 

(4)  June  25th  •'  July  28th,  247  **  *•  "  80  "  17.8* 

6)  July  28th  "  Aug.  27th,  194  '*  **  "  20  "  15.»8 

Comparing  bill  Xo.  1  with  bill  Xo.  5,  it  is  noticeable  that  a 
current  consumption  equivalent  to  17  horse-power  hours  less  wa* 
used  in  the  latter  case,  although  the  total  cost  for  so  doing  wa* 
75  cents  more  than  in  tlie  first  instance.  Item  Xo.  2  indicate! 
that  during  this  period  about  25  per  cent,  more  current  was  coti 
sumed  than  in  the  time  covered  by  bill  Xo.  4,  although  the  it: 
crease  in  cost  was  approximately  only  8  per  cent.  The  quantiti^ 
of  current  considered  in  the  paper  are  much  larger,  consequentl 
the  inconsistencies  are  more  marked;  the  principle,  however,  ^ 
the  same  in  botli  cases. 

Tlie  title  of  the  ]>a]K'r  may  be  misinterpreted,  since  it  is  mi- 
leading;  the  text  indicates,  however,  that  it  is  not  intended  i 
suggest  a  metlio<l  for  establishing  the  original  basis  for  the  rate- 
On  the  assumption  tliat  these  have  been  fixed,  the  paper  illui 
tratcs,  by  means  of  charts,  a  method  for  determining  rates  ipe 
kilowatt  hour  and  ])rices  per  moptli  for  electric  current.  Xo  a1 
tempt  has  been  made  to  define  what  elements  should  be  consid 
ered  in  finding  the  cost  of  central  station  operation  for  the  put 
pose  of  properly  adjusting  the  rates.  These  vary  with  loca 
conditions  and  must  be  carefully  worked  out  in  every  individiia 
case.     Assuming  the  cost  to  have  been  found  in  any  specific  case 
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for  producing  electric  current  in  small  quantities,  as  well  as  for 
successively  larger  amounts  up  to  the  total  normal  capacity  of  the 
plant,  I  maintain  that  rates  may  be  arranged  consistently  in  pro- 
portion to  the  current  output  without  the  use  of  the  discount 
sheet.  This  result  may  be  brought  about  by  the  "  chart  system," 
which,  when  once  applied  to  meet  the  conditions  of  any  plant,  is 
free  from  the  objectionable  features  now  existing.  In  most  in- 
stances the  rates  would  be  expressed  by  curved  lines  instead  of 
by  straight  lines  as  shown  in  Figs.  25  to  32  inclusive.  In  order 
to  avoid  confusion,  it  would  possibly  be  better  to  omit  the  rate 
curve  from  the  chart  issued  to  the  customer,  since  that  of  greater 
importance  is  the  one  from  which  monthly  bills  may  be  deter- 
mined at  a  glance. 

It  is  customary  in  nearly  all  contracts  to  insert  a  clause  which 
specifically  states  the  minimum  monthly  charge  which  the  cus- 
tomer is  obliged  to  pay  to  the  central  station.  In  view  of 
this  fact,  and  since  all  recording  wattmeters  indicate  kilowatt 
hours,  it  is  evident  that  a  central  station  would  have  to  make 
a  special  contract  covering  the  unusual  conditions  of  operation 
foussed  by  Mr.  Hale.  The  subject  considered  is  not  due  to 
any  misapprehension  of  facts  or  to  a  lack  of  knowledge  of  the 
usual  forms  of*  contracts  made  by  central  stations.  The  case 
iiacuased  was  not  assumed,  but  was  met  with  in  actual  practice, 
tlthough,  as  stated  above,  the  rates  and  quantities  were  slightly 
altered  for  obvious  reasons.  It  may  be  that  I  have  been  pre- 
sumptuous in  calling  attention  to  inconsistencies  of  a  system  which 
M  almost  universally  followed  and  with  which  every  one  is  more 
or  less  familiar.  The  fact  that  this  system  is  acknowledged  to 
^  faulty  in  practical  operation  is  sufficient  reason  for  its  displace- 
ment if  some  better  and  more  coherent  method  may  be  devised. 
The  discussion  which  the  paper  has  merited  has  borne  out  my 
contention  that  the  "  discount  system  "  is  an  unfair  one,  conse- 
quently is  open  to  improvement.  Graphical  or  diagrammatic 
'^presentation  has  long  since  been  recognized  as  giving  solutions 
quickly  and  nearly,  if  not  quite,  as  accurately  as  methods  involv- 

• 

lug  mathematical  computation,  and  I  am  yet  to  be  convinced  that 
thia  aystem  is  unworthy  of  consideration  as  a  satisfactory  substi- 
tute for  the  "  discount "  or  "  step  system." 

HoTE. — The  original  charts  were  made  on  laboratory  cross  soclion  paper  con- 
t^laisgieii  more  spaces  horizontally  and  vertically  than  the  squares  reproduced 
^  Figs.  25  to  83  inclusive.  Paragraphs  80,  82  and  85  should  be  interpreted  with 
^  uiderstanding  in  mind ;  otherwise  it  will  appear  that  the  text  is  incorrect. 
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No.  1017.* 

Alf  IMPROVEMENT  IN   VALVE-MOTION  OF  DUPL 

AIR   COMPRESSORS.^ 

BT  8TKRLINO  H.  BUNNELL,  LORAIN,  OHIO. 

(Janior  Member  of  the  Society.) 

1,  The  use  of  poppet  valves  held  down  by  springs  operates 
pumps  handling  incompressible  fluids  merely  to  increase  the  w< 
done  by  the  piston,  generally  only  by  a  trifling  amount.  The  sa 
system  of  valves  applied  to  a  compressor  working  with  an  ela« 
fluid  not  only  involves  a  similar  loss  by  the  friction  of  the  fli 
in  passing  the  spring-loaded  valves,  but  also  decreases  the  dens 
of  the  fluid  filling  the  cylinder  at  each  stroke,  so  that  the  to 
weight  of  gas  handled  falls  considerably  below  that  correspondi 
to  the  swept  capacity  of  the  cylinder.  Such  valves  by  reason 
their  inertia  tend  also  to  delay  closing  till  after  the  reversal  of 
motion  of  the  piston  at  the  end  of  its  stroke  and  thus  to  ca 
a  further  loss  by  slippage.  For  these  reasons  mechanica 
actuated  inlet  valves  are  generally  applied  to  compressors 
medium  and  large  size.  The  adaptability  of  the  duplex  or  t 
crank  type  of  direct-connected  air-compressor  to  varying  oi 
city  requirements  and  occasional  unusually  low  speed,'  toget 
with  the  superior  economy  of  its  steam  cylinders  working  ut 
short  cut-offs,  has  brought  about  its  general  ftee  except  for  sup 
irig  such  small  quantities  of  air  as  can  be  delivered  by  the  sii 
cylinder  of  the  "  straight-line  "  or  single  crank  tandem  compre 
of  small  size.    It  is  to  the  common  type  of  duplex  compressor  t 

*  Presented  at  tlie  New  York  meeting.  Decern ber,  1903,  of  the  Ame: 
Society  of  Mechanical  Engineers,  and  forming  part  of  Volume  XXV.  of 
Transactions. 

f  For  further  diRCussion  on  this  topic,  consult  Transactions  as  follows : 
Xo.  824,  Vol.  XX.,  p.  907  :  "  New  System  of  Valves  for  Steam  Engines,  Aii 

gines.  and  Compressors."    E.  W.  Gordon. 
No.  920,  Vol.  xxiii.,  p.  151 :  "  New  Valve  Gear  for  Gas,  Steam,  and  Air  Engii 
E.  W.  Naylor. 
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Meyer  steam  cut-off  valve  gear  and  mechanically-actuated  air-inlet 
valyes  that  the  construction  to  be  described  applies. 

2.  The  main  steam  valve  of  a  Meyer  or  riding  cut-off  gear  is  set 
exactly  like  any  plain  slide-valve,  being  laid  out  to  give  proper 
steam  lead,  exhaust  opening  and  exhaust  closure  or  compression, 
without  regard  to  the  point  of  cut-off,  which  will  therefore  come 
somewhere  around  J  or  J  full  stroke.  The  riding  cut-off  valve 
is  operated  by  an  eccentric  set  either  just  opposite  the  crank,  or 
better,  a  littJe  back  of  this  position.  The  air-inlet  valves  are 
asually  of  rotary  type,  driven  like  Corliss  steam  valves  by  a  rocker 
or  wrist-plate  connected  to  the  valve-arms  by  short  links,  or  they 
may  be  plain  sjide  valves.  In  any  case  the  inlet  valve  must  close 
IS  the  piston  reaches  the  end  of  its  stroke,  and  open  shortly  after 
it  commences  the  suction  stroke,  the  lateness  of  opening  being  for 
the  purpose  of  allowing  the  air  contained  in  the  clearance  space  to 
expand  to  the  pressure  of  the  air  in  the  intake.  The  required 
position  of  the  eccentric  operating  air-inlet  valves  is  therefore 
approximately  at  right  angles  to  the  crank  operating  the  piston,  or 
more  or  less  back  of  this  position. 

3.  Air-compressors  of  the  type  just  described  have  been  regu- 
larly provided  with  six  eccentrics  to  operate  the  double  steam 
valves  and  air-inlet  valves  of  the  two  sides  of  the  duplex  machine. 
A  moment's  consideration  of  the  preceding  paragraph  will  show 
that  the  cut-off  valve  eccentric  of  one  steam  cylinder  and  the  air- 
inlet  valve  eccentric  of  the  opposite  cylinder  are  a  little  back  of  the 
position  opposite  the  crank  on  the  steam  cylinder  side,  while  the 
alternate  steam  and  air  cylinders  have  valves  to  be  actuated  by 
fccentrics,  one  set  back  of  the  position  opposite  the  crank  and  the 
other  180  degrees  from  the  first.  It  is  only  necessary  to  modify 
the  arrangement  of  valve-arms  and  links  of  the  inlet  valves  of  the 
latter  compressing  cylinder,  using  precisely  similar  valves,  valve- 
arms  and  other  gear  except  the  rockers  or  wrist-plates,  to  allow 
of  driving  the  air-valve  gear  of  each  side  of  the  machine  by  direct 
connection  to  the  cut-off  valve  rod  of  the  other  side. 

4.  The  details  of  the  gear  are  clearly  shown  by  the  illustrations. 
Steel  tube  is  common  enough  to-day  to  allow  of  using  it  for  the 
right-and-left  threaded  sleeves  of  the  cut-off  valves.  Through 
each  sleeve  is  passed  a  smaller  solid  rod  connected  at  one  end  by 
means  of  suitable  rockers  and  pins  to  the  eccentric  rod,  and  at 
the  other  end  to  an  arm  carried  on  a  cross-shaft.  This  rod  drives 
the  encircling  sleeve,  and,  therefore,  the  cut-off  valves  carried 
on  it,  through  the  medium  of  two  simple  split  clamps  touching 
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the  ends  of  the  sleeve.  The  cross-shaft  passes  through  bosses  on 
the  compressing  cylinder  casting  and  terminates  in  a  boss  on  the 
opposite  compressing  cylinder,  and  carries  adjacent  to  the  latter 
boss  the  wrist-plate  or  rocker  driving  the  inlet  valves  of  this  side. 
This  description  applies  also  to  the  details  of  the  corresponding 
gear  of  the  other  two  tsylinders.  It  happens  that  there  is  abso- 
lutely no  difference  between  the  two  sets  of  parts  except  in  the 
two  wrist-plate  rockers,  and  in  the  fact  that  one  of  the  long  rods 
is  a  little  longer  than  the  other  because  the  centre  of  its  rocker  is 
farther  back  on  the  air  cylinders. 

5.  It  looks  at  first  sight  as  if  this  combination  would  be  trouble- 
some to  lay  out  and  to  adjust  in  erecting  the  compressor.  There 
is  really  no  additional  complication,  for  it  is  only  necessary  to 
slack  off  the  clamps  on  the  long  rods,  set  up  the  air-valve  motion 
in  the  usual  way,  locate  the  eccentrics  as  required  and  then  set 
the  sleeve  along  the  rod  to  give  even  cut-offs  and  tighten  the  col- 
lars. The  cut-off  valves  can  be  changed  to  equalize  the  cut-offs 
at  any  time  without  disturbing  the  long  rod,  merely  shifting  the 
clamps  as  desired,  and  the  air  valves  may  be  shifted  or  reset  with- 
out disturbing  the  equality  of  the  cut-offs.  The  net  result  of  the 
arrangement  is  the  saving  of  two  eccentrics,  straps,  rods  and  rock- 
ers and  of  the  space  between  or  outside  the  cylinders  that  would 
otherwise  be  occupied  by  these  parts,  at  the  cost  of  substituting 
a  piece  of  steel  tube  for  a  solid  rod,  and  of  enlarging  the  diameters 
of  steam  chest  glands  to  correspond.  The  feature  of  operating 
one  side  of  the  machine  alone  in  case  of  necessity  is  not  lost,  be- 
cause as  long  as  the  crank-shaft  is  not  broken  and  the  cylinder 
castings  remain  in  position,  the  eccentric  driving  the  air-inlet 
valves  of  the  cylinder  which  is  to  be  operated  may  as  well  be  on 
one  end  of  the  shaft  as  on  the  other. 

6.  The  compressor  shown  embodies  a  modification  of  the  usual 
framing,  which  has  some  advantages.  The  two  separate  bed 
plates  are  bolted  together  along  their  centre  lines,  and  are  further 
holted  to  a  single  cross  member  lying  under  the  cylinders.  The 
strains  which  tend  to  work  the  ordinary  duplex  machine  on  its 
foundations  are  thus  resisted  directly  by  the  cross  frame,  making 
the  machine  nearly  independent  of  a  masonry  foundation  except 
«  a  mere  support.  Tie  rods  between  the  upper  parts  of  cylinders 
tnd  over  the  guides  add  greatly  to  the  rigidity  of  the  whole. 

7.  A  number  of  fhese  machines  have  been  constructed  ranging 
from  12  to  24  inches  stroke,  all  of  which  have  been  shipped  with- 
out taking  apart  and  leveled  upon  foundations  in  a  few  minutes' 
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time.  Some  of  these  compressors  have  been  continuously  operated 
at  speeds  up  to  200  revolutions  per  minute  for  months  together, 
and  none  of  them  have  developed  any  objection  to  the  combination 
of  valve  mechanism  described,  or  have  shown  the  tendency  of  the 
usual  duplex  compressor  with  independent  frames  to  shift  on  its 
foundations  and  thus  work  out  of  alignment. 


TESTS  or  A  DIBEGT  CONM£Cr£D  EIGHT-FOOT  FAN  AND  ENGINE.      145 


No.  lOlS.* 

TESTS  OF  A  DIRECT  CONNECTED  EIGHT-FOOT  FAN 

AND   ENGINE.^ 

BT  K.  8.  VABWVLL,  NEW  YORK,  N.  T. 

(Member  of  the  Society.) 

1.  The  promoters  of  the  plenum  system  of  heating  and  ven- 
tilating have  obtained  a  very  substantial  footing  among  the 
paper  mills,  because  of  the  moisture  which  it  is  necessary  to 
remove  from  the  rooms. 

For  instance,  in  a  room  containing  two  paper  machines,  each 
Diaking  25  tons  of  paper  in  24  hours,  there  is  approximately  100 
tons  of  water  which  must  be  disposed  of  before  it  condenses  on 
the  roof  and  trusses,  and  drips  on  the  machines.  Also,  in  pulp- 
grinder  rooms,  there  is  a  large  amount  of  steam  generated  which 
must  be  disposed  of,  or  the  fog  in  the  room  will  be  so  dense  as 
to  impede  the  work.  In  most  of  the  other  rooms,  however,  it 
is  merely  a  question  of  heating. 

I  found  it  rather  diflBcult  to  obtain  reliable  data  which  would 
guide  me  to  an  intelligent  selection  of  apparatus  for  any  particu- 
lar job.  The  builders  of  such  apparatus  very  generously  offered 
to  work  out  the  problem  for  me,  but  it  is  safe  to  say  that  in  no 
case  were  any  two  proposals  for  the  same  size  of  apparatus. 
"A"  would  submit  a  proposition  for  a  small  fan,  running  at 
highspeed,  with  small  air-pipes  and  a  small  heater;  **  B  "  would 
offer  a  large  fan  to  run  at  a  slow  speed,  with  large  air-pipes  and 
a  large  heater;  **  C  "  would  perhaps  offer  a  large  fan,  with  large 
iir-pipes  and  a  small  heater.    If  **  A  "  were  asked  to  furnish  a 

'Pretented  at  the  New  York  meeting  (December,  1908)  of  the  American 
SodeCj  of  Mechanical  Engineers,  and  forming  part  of  Volume  XXV.  of  the 
TnuoeUoni, 

t  For  further  references  on  this  subject,  see  Tran^actionB  as  follows  : 
No.  340.  Tol.  Tiii.,  p.  818:  *'  Power  to  Drive  Fans." 
Ko.  Ml  ToL  ix.,  p.  51. 
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large  fan  to  run  at  a  slower  speed,  he  immediately  proposed  to 
enlarge  the  pipes  proix)rtional  to  the  size  of  outlet  of  the  fan, 
and  to  put  in  a  much  larger  heater,  notwithstanding  the  fact  that 
the  amount  of  heat  to  be  delivered  was  the  same.  I  wish  to  fur- 
ther acknowledge  that  under  these  perplexing  difScolties  the 
representatives  of  the  diflferent  fan  builders  never  hesitated  to 
give  me  all  the  assistance  which  they  apparently  could,  and  I 
believe  that  I  have  finally  succeeded  in  getting  some  points  dear 
in  my  own  mind. 

2.  The  question  seemed  to  me  to  embody  three  distinct  prob- 
lems: the  air-pipe,  the  fan,  and  the  heater.  The  first  two  are 
interdependent,  or  perhaps  we  had  better  say  both  depend  upon 
the  same  assumed  data.  The  starting-point  of  the  problem  ot 
problems  is  the  volume  and  temperature  of  air  required.  In  a 
factory  building,  if  it  is  merely  a  question  of  heat,  a  compara- 
tively small  volume  of  air  at  a  high  temperature  is  satisfactory. 
A  change  of  air  as  low  as  30  minutes  is  allowable  where  men  d( 
not  stand  at  their  work,  and  20  or  25  minutes  where  they  do 
In  the  grinder-room  the  change  must  be  as  frequent  as  15o 
even  10  minutes,  depending  on  the  shape  of  the  room,  the  Iocs 
tion  of  the  grinders,  kind  of  roof,  and  other  local  condition! 
In  paper  machine  rooms,  also  depending  on  local  conditions,  tb 
require<l  change  may  be  as  often  as  4  minutes. 

It  is  very  easy,  with  the  published  tables  and  data  of  tests,  t 
determine  the  amount  of  heating  surface  required  to  heat  tl 
determined  volume  of  air  to  the  desired  temperature.  I  nev( 
•could  see  how  the  size  of  the  fan  n^ed  affect  the  amount  of  hea 
ing  surface,  provided  the  volume  to  be  delivered  and  initial  ter 
perature  of  air  were  the  same  in  both  cases. 

3.  About  -^  ounce  pressure  per  square  inch  will  be  i 
quired  to  give  the  necessary  velocity  at  the  outlets  of  the  d 
tributing  pipes.  In  addition  to  this  there  must  be  as  much  mo 
pressure  as  is  necessary  to  overcome  the  friction  of  the  pip 
and  herein  I  find  is  the  principal  difference  in  the  practices 
the  different  builders.  Some  always  figure  on  1  ounce  pressn 
at  the  fan.  Others  figure  ^  ounce.  Fifteen-sixteenths  of  i 
ounce  seemed  to  me  to  be  an  excessive  loss,  and  I  usually  g 
for  ^  ounce  at  the  fan,  enlarging  the  pipe  sufficiently  to  bri] 
the  friction  loss  well  within  that  ligure. 

In  reducing  the  pressure  required  of  the  fan,  we  have  of  com 
reduced  the  amount  of  work  done  by  the  fan ;  but  against  tl 
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saving  in  work,  it  is  necessary  to  charge  the  interest  and  depre- 
dation on  the  increased  cost  of  fan  and  pipe. 

4.  In  order  to  secure  some  data  for  my  guidance,  I  made  a 
series  of  experiments  on  the  efficiency  of  a  fan  which  I  purpose 
to  outline  in  this  paper.  The  fan  was  a  No.  160,  according  to 
the  usual  method  of  designating  fan  sizes,  with  a  wheel  8  feet 
in  diameter,  and  37  inches  wide  at  the  periphery  and  with  one 
side  inlet.  It  is  shown  in  Fig.  36.  The  fan  is  driven  by  a  direct- 
connected  steam  engine,  and  discharges  into  a  large  chamber 
supplying  air  for  combustion  to  the  boilers.  This  chamber  was 
left  open  to  maintain  atmospheric  pressure  except  in  a  couple  of 
tests.  The  opening  of  the  fan  into  this  chamber  was  tightly 
boarded  up,  and  conical  tubes  or  nozzles  were  fastened  to  cir- 
cular openings  iu  this  board  partition.  The  tubes  had  a  taper  of 
3i  degrees  and,  with  the  exception  of  the  largest  two  sizes,  were 
approximately  three  times  the  diameter  in  length.  Six  different 
sizes  of  tubes  were  tested,  each  at  8  or  10  different  speeds,  ranging 
from  50  to  250  revolutions  per  minute.  In  addition,  a  set  of  ob- 
servations at  each  speed  was  made,  with  no  outlet  whatever. 

5.  This  I  realize  is  not  an  ideal  arrangement,  but  under  the 
circumstances  seemed  to  be  all  that  the  desired  results  would 
warrant.  The  volume  of  air  delivered  was  determined  by  means 
of  a  pitot  tube  located  at  the  extremity  of  the  conical  outlet. 
We  attempted  to  use  an  anemometer,  but  some  of  the  velocities 
were  beyond  the  capacity  of  the  instrument  and  it  very  soon 
proved  to  be  unreliable.  With  the  tapering  outlet,  it  was  appar- 
ently safe  to  assume  that  the  air  at  the  extremity  had  no  static 
pressure,  but  that  the  entire  potential  energy  had  been  converted 
into  kinetic  energy.  The  pressure  in  the  fan  chamber,  as  also 
ihevacaam  or  suction  at  the  inlet,  was  measured  by  a  water 
column.  We  found  the  vacuum  at  inlet  varied  at  the  different 
points  of  the  inlet  as  the  gauge  was  moved  from  the  centre 
toward  the  rim.  A  number  of  observations  were  made,  and  a 
point  determined  which  gave  us  the  mean  of  all  the  readings. 
The  temperature  of  the  air  was  taken,  also  the  revolutions  of  the 
fw  and  indicator  cards  from  the  engine.  This  completed  the 
lirt  of  observations  taken  during  each  test.  Each  test  was  run 
for  half  an  hour  under  uniform  conditions,  and  readings  taken 
every  five  minutes.  The  average  results  of  each  test  are  given 
in  the  table.  The  volume  of  air  discharged  was  computed  from 
^Telocity  of  air  as  given  by  the  pitot  tube,  and  tabulated  in 
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column  marked  "B."  The  theoretical  horse-power  was  com- 
putal  from  the  volume,  determined  as  above  noted,  and  the  press- 
ure in  chamber  as  tabulated.  The  pressure,  volume,  indicated 
horse-power,  and  eflBciency  have  also  been  plotted  on  the  two  sets 
of  curves,  Figs.  37  and  38.  In  Fig.  37  the  abscissaB  represent 
revolutions  of  fan,  while  each  curve  represents  a  certain  size  of 
outlet.  In  Fig.  38  these  two  items  have  been  interchanged,  and 
each  pressure  curve  has  a  different  zero  line.  It  is  the  custom, 
I  believe,  to  designate  the  size  of  fan  outlet  in  terms  of  the  diam- 
eter and  i>eripheral  width  of  fan- wheel,  and  this  I  have  done  in 
the  present  instance. 

6.  A  number  of  interesting  facts  stand  forth  very  clearly  upon 
an  examination  of  these  curves.  Theoretically,  the  vohime 
should  vary  directly  as  the  speed  of  the  fan  with  a  given  size  of 
outlet,  the  pressure  as  the  square  of  the  speed,  and  the  horse- 
power as  tlie  cube  of  the  speed.  The  curves  show  that  the  ratios 
are  not  quite  those  stated.  Up  to  a  certain  point  the  volume 
curves  are  very  nearly  straight,  but  at  the  higher  speeds  they 
seem  to  fall  off.  This  falling  off  was  more  marked  with  the 
large  openings,  as  was  also  a  large  increase  of  the  vacuum  at 
inlet.  This  loss  in  the  volume  delivered  is  unquestionably  due 
to  the  throttling  of  the  air  at  inlet.  The  maximum  efficiency  of 
the  combined  unit  was  secured  at  142  revolutions  per  minute, 
when  the  pressure  was  i  ounce  (this,  of  course,  only  applies  to 
the  particular  fan  tested,  and  it  is  fair  to  presume  that  if  the 
fan  had  had  an  inlet  on  each  side,  the  throttling  would  have 
heen  less  and  the  most  efficient  speed  might  have  been  higher). 

7.  The  curves  show  very  clearly,  however,  that  in  the  selec- 
tion of  fan  wo  should  choose  large  sizes  running  at  moderate 
speeds  and  developing  a  low  pressure.  We  may  apparently  run 
the  same  fan  at  a  lower  speed  and  lower  pressure  so  that  it  will 
Mmr  the  same  volume  of  air  with  a  considerable  saving  in 
horse-power.  This  should  be  done,  if  in  any  case  the  conditions 
prevent  the  selection  of  a  larger  fan.  As  I  will  illustrate  in  a 
few  moments,  however,  the  larger  fan  will  do  the  work  more 
efficiently. 

It  has  been  frequently  stated  that  up  to  a  certain  size  of  outlet, 
^rioudy  styled  the  "theoretical  outlet,"  ''square  inches  of 
l^last/*  and  "capacity  of  wheel,"  any  change  in  size  of  outlet 
'^es  no  change  in  the  pressure,  and  a  variation  in  volume  and 
torse-power  directly  proportional  to  the  size  of  the  outlet,  and 
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that  further  enlarging  results  in  a  decided  drop  of  pressure  i 

falling  ofiE  in  the  rate  of  increase  of  volume  and  horse-power. 

The  curves  show  that  up  to  ahout  .29  D.  W.  the  pressure  dr 
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but  slightly.  Tlie  vuluiiio  and  indicated  horse-power  rise  ' 
nearly  by  straiglit  lines,  bnt  beyond  tliat  j>oint  there  is  a  auc 
and  rapid  change,  the  efiiciency  also  i-eaching  a  maximuD 
this  same  point. 
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8.  As  being  probably  pertinent  to  this  point,  I  wisB  to  call 
atteDtion  to  the  fact  that  the  area  of  the  fun-blade  is  equal  to 
.2335  D.  W.     The  efficiency  cnrves  show  that  but  slight  varia- 
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twinsfpom  this  "theoretical  outlet"  should  be  ])ermitted.     Mr. 

f'low  Btat«>s  that  for  general  practice  the  square  inches  of  blast 

I)  W 
i>  not  far  from  — '-^.    I  understand  that  the  usual  widtli  of  ^le- 
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riphery  of  an  8- foot  fan,  as  built  by  tho  makers  of  the  fan  tested,  is 
41  inches  instead  of  37  inches.  This  would  make  the  area  of  fan- 
blades  approximately  .32  D.  "VV.,  which  might  increase  theeffeetive 
area,  or  '*  theoretical  outlet,"  to  a  like  quantity  and  bear  out  the 
statement  made  by  Mr.  Snow.  This  "  theoretical  outlet,"  as 
has  been  stilted  bv  !Mr.  Snow,  is  not  to  be  understood  to  be  the 
actual  sizes  of  the  outlet  of  the  fan's  casing,  but  to  be  the  size  of 
opening  which  will  offer  a  resistance  equivalent  to  the  sum  of  all 
resistances  of  distributing  pii)es.  If  in  any  given  case  we  are 
able  to  state  what  this  equivalent  outlet  is  to  be,  we  can  then 
select  the  size  of  fan  which  will  give  us  the  desired  volume  of 
air  at  the  desired  pressure. 

9.  In  Fig.  39  I  have  reproduced  the  efficiency  curves  and  hav© 
drawn  another  curve  showing  the  relation  existing  between  tb^ 
size  of  outlet  and  the  ratio  of  air  velocity  to  i)eripheral  velocity  of 
wheel.     It  is  not  safe  to  reason  too  much  from  the  concrete  to  ib^ 
abstract,  but  comparing  this  curve  with  similar  ones  construct©^ 
from  the  tests  of  a  small  pressure  blower,  as  given  in  Mr.  Kent'^ 
handbook,  and  from  the  guaranteed  results  of  one  blower-mak^^ 
on  his  standard  fans  (presumably  computed  from  tests  which  aC^ 
not  available  to  tho  public),  I  think  it  safe  to  say  that  the  cunT'^ 
of  the  tests  may  be  applied  to  different  sizes  of  fans  with  reasot^" 
ably  satisfactory  results. 

10.  To  illustrate  the  Wl vantages  that  have  already  been  mer^- 
tioned,  we  liavo  only  to  notice,  for  instance,  that  the  fan  tested- 
when  running  at  200  revolutions  per  minute,  will  develop  1  ounc^^ 
pressure  when  delivering  a  volume  of  32,000  cubic  feet  per  mii^- 
ute,  at  an  efficiency  of  51  per  cent,  and  requiring  17.2  indicate^ 
horse-power  to  run  it.     Tlie  same  fan  running  at  161  revolution  ^ 
per  minute  will  deliver  the  same  volume  of  32,000  cubic  feet  a^  "^ 
a  pressure  of  \  ounce  and  an  efficiency  of  41.7  per  cent.,  ba^ 
requiring  only  10^  horse-power.     While  the  efficiency  in  th^ 
first  instance  is  considerably  higher,  it  should  be  pointed  o\L^ 
that  the  actual  horso-power  requireil  is  0.7  more.     This  repr©^ 
sents  the  actual  cost  of  delivering  32,000  cubic  feet  of  air  int^ 
the  room  under  the  two  pressures  noted.     Again,  this  fan  rua- 
ning  at  142  revolutions  per  minute  will  deliver  25,800  cubic 
feet  of  air  at  a  pressure  of  \  ounce,  and  at  an  efficiency  of 
54  per  cent.     If,  however,  it  is  desired  to  deliver  32,000  cubic 
feet  of  air  at  \  ounce  pressure  and  at  maximum  efficiency,  it 
will  be  necessary  to  use  a  larger  size  of  fan,  the  detenninatioD 
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of  ffhich  will  illustrate  the  use  which  I  have  made  of  these 
teste. 
I  am  not  prepared  to  say  that  for  fans  with  inlet  on  one  side 


Pia.  39. 

"nly,  ,2it  D.W".  is  as  largo  a  "  theoretical  outlet "  as  should  be 
ttwi.  However,  it  seems  to  Iw  evident  that  where  inlet  may  be 
lad  on  both  sides,  a  wider  fan  may  l>e  used,  and  possibly  further 
OperimentB  may  show  that  a  wider  fan  may  be  used  with  a  single 
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inlet.     Assuming  that  .29  D.W.  is  to  be  used,  we  have  for  the 
volume  of  air  delivered, 

Q  =  .29  D.W.  F, 

in  which  V  is  the  air  velocity  corresponding  to  the  assumed 
pressure. 

11.  The  velocity  corresponding   to   the  pressure  of  i  ounce 
is  3653.8.     From  the  foregoing  equation  we  find  that, 

32000        _ 

If  W=^,  then  7?2  =  30.2  r.     The  proper  value  of  "  r  "  was 

not  determinable  from  these  tests,  but  probably  has  been  deter- 
mined by  the  builders'  experiments.  It  is  apparently  betweeO- 
2.3  and  2.7.     In  the  fan  under  test, 

r  =  2.595. 

It  is  desirable  to  use  standard  diameters  and  vary  the  width 
within  certain  limits.  In  tlie  present  case  the  size  of  fan  selected 
should  be  8.J  feet  diameter  by  42.6  inches  wide  at  periphery. 
For  the  speed  of  fan,  we  have  from  the  lower  curve  in  Fig.39for 
.29  D.W., 

-Ir  =1.025. 
From  this  equation  the  peripheral  velocity, 

Vp  =  ^-rTrt?-  =  3570  ft.  per  mm. 

This  is  equivalent  to  133.5  revolutions  per  minute  of  an  S^-foot 
fan.  By  the  efficiency  of  54  per  cent,  shown  by  the  chart,  this 
would  require  8.125  horse-power,  a  still  further  saving  over  the 
8-foot  fan  running  161  revolutions  per  minute. 

12.  There  is  another  prol)lem  upon  which  I  should  be  glad  to 
have  discussion  and  enlightenment.  In  designing  an  induced 
draught  plant  some  time  since,  I  proposed  to  install  two  fans, 
which,  under  normal  conditions,  would  both  run  at  slow  speed, 
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either  of  which  in  an  emergency  could  be  speeded  up  to  do  the  work 
of  both.    One  representative  informed  me  that  he  did  not  think 
it  could  be  done  practically,  and  after  I  insisted  that  it  be  worked 
out,  two  10-foot  fans,  24:  inches  wide  at  the  periphery,  were 
offei-ed.    After  some  discussion  and  computations,  two  10-foot 
fans  54  inches  wide  at  periphery  were  purchased.     I  based  my 
contentions  on  the  tests  which  I  have  described,  although  I  am 
aware  that  the  conditions  when  handling  gases  at  a  high  tem- 
perature are  somewhat  different.     I  do  not  see,  however,  that 
these  changed  conditions  prevent  the  use  of  a  fan  in  the  way 
I  descriljeil.     To  illustrate;  the  following  data  may  be  taken 
from  the  curves  of  the  8-foot  fan  tested.     With  an  outlet  of  .265 
D.W.,  and  running  at  150  revolutions  per  minute,  the  fan  will 
deliver  25,000  cubic  feet  of  air  at  a  pressure  of  j%  ounce,  requir- 
in»f  7.8  horse-power,  and  give  an  efficiency  of  53  per  cent.     This 
same  fan  with  an  outlet  .53  D.W.,  running  at  225  revolutions 
per  minute,  will  deliver  50,000  cubic  feet  of  air  at  the  same 
pressure  of  -^^  ounce.      In  the  latter  case  the  horse-power  is 
4<18,  and  efficiency  but  26.5  per  cent.     This  efficiency  is  very 
low,  but  is  not  to  be  considered  in  an  emergency.     The  only 
question  which  requires  particular  attention  is  an  arrangement 
which  will  allow  a  change  of  the  outlet,  or  its  e(|uivalent  resist- 
ance, from  .265  D.W.  to  .53  D.W.,  and  this  was  very  easily 
accomplished  in  the  case  mentioned.     It  is  necessary  in  many 
industrial  plants  to  provide  against  a  shut  down,  due  to  any 
ordinary  accident,  but  I  fail  to  see  the  necessity  of  putting  in 
two  fans,  etich  sufficiently  largo  to  do  the  entire  work  under 
normal  conditions,  at  maximum  efficiency. 

I  have  not  entered  into  this  discussion  with  any  feeling  akin 
to  the  old  Quaker's  who  is  reported  to  have  told  his  wife  that 
**all  the  world  is  queer  except  thee  and  me,  and  thee  is  a  little 
<|ueer."  But  I  have  hoped  to  provoke  a  discussion  by  those 
who  have  had  better  opportunities  for  studying  the  problem 
than  I  have,  and  can  give  us  information  not  obtainable,  at  least 
convincingly,  from  these  tests. 

In  closing  I  wish  to  acknowledge  the  able  assistance  and  pains- 
taking care  of  Mr.  C.  W.  Wilder,  who  made  most  of  the  obser- 
vations and  computations  for  me.  But  for  my  confidence  in  li4s 
ability,  I  should  have  hesitated  to  present  these  results  to  the 
Society. 
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DISCUSSION. 

Mr.  E.  A'.  Furwell* — Sinco  tin;  i)re|)aration  of  tliis  ]>aper,  th 
question  lias  becii  raiscil  of  tlif  rcljitiyn  said  to  exist  between  tl 
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lii'ii  Ui'iwiTii  tlii-r  twii  ,|ii;iniin<'-.     Tliiit  n'lation  is  illustr 
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%.  40.  Aside  from  a  few  unquestionably  erratic  points 
h  have  been  connected  to  the  proper  curves  by  dotted  lines, 
ok  the  curves  show  a  very  satisfactory  relation  existing  be- 
i  vacuum  at  inlet  and  cubic  feet  of  air  discharged. 
3  curves  for  tests  E  and  F  are  certainly  very  interesting, 
may  be  pointed  out  that  in  these  tests  the  vacuums  at  inlet 
larger  and  the  probable  errors  in  reading  of  water  gauge 
proportionately  less.  The  point  which  I  attempted  to 
3ut  in  paragraph  6,  viz.,  the  limitations  imposed  by  having 
?  inlet,  I  do  not  think  could  have  been  presented  so  clearly, 
iiuu  at  inlet  had  not  been  read. 
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No.  1019.* 

A  SERIES  DISTILLING  APPARATUS  OF  HIOH 

EFFICIENCY.  ^^ 

BT  W.  F.   M.  0088,  LAFATBTTB,  IN1>IA1IA. 

(Member  of  the  Society.) 

1.  This  apparatus  is  designed  to  purify  water  or  other  Uqi 
bj  distillation.  It  can  be  used^  also^  in  the  concentratioii 
liquids  carrying  solids  in  solution,  the  recovery  of  which  is  desi 
It  consists  of  an  arangement  whereby  the  supply  of  liquid  t< 
evaporated  passes  through  a  succession  of  chambers,  in  eacl 
which  it  is  gradually  raised  in  temperature,  and  in  all  but  the 
of  which  a  portion  of  the  supply  is  vaporized,  the  process  cent 
ing  until  all  has  been  changed  to  vapor.  Heat  is  supplied 
system  at  the  chamber  having  the  highest  temperature  only,  f 
which  vapor  starts  in  a  return  circulation,  that  generated  in 
element  of  the  apparatus  serving  as  the  source  of  heat  for 
element  next  lower  in  temperature,  the  liquid  steam  increasin 
volume  as  it  passes  the  successive  elements  until,  finally,  a 
discharged  from  the  chamber  of  lowest  temperature.  The  li< 
thus  discharged  is  entirely  the  result  of  condensation.  An 
paratus  embodying  tliis  conception,  designed  to  distil  500  gal 
of  water  an  hour  with  an  eflSciency  of  approximately  60  pou 
of  wMtcr  por  ])<)urul  of  coal,  is  shown  by  Fig.  41,  and  a  sectioi 
a  single  clcmciit  cnteriiiiij  into  its  construction,  by  Fig.  42. 

2.  The  action  of  the  apparatus  may  be  best  described  in  con 
lioji  with  the  diagranmiatic  sketch  Fig.  43.  Several  chaml 
Ay  By  C  and  1),  each  containing  a  central  tube,  are  coimecte( 
suitable  piping.  The  first  chamber.  A,  is  entirely  filled  ' 
liquid  and  constitutes  a  preliminary  heater.  The  remaining  d 
bors,  from  B  to  V  inclusive,  are  partially  filled  witli  liquid, 
from  each  of  these,  evaporation  occurs.  The  heater  and  the  cl 


*  rroHoiit<'d  at  the  Now  York  meeting.  December  1903,  of  the  Amc 
Society  of  Mechanical  Engineers,  and  forming  part  of  Volume  XXV.  o: 
Transactions. 
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ber  B  operate  under  one  pressure,  and  each  succeeding  chamber, 
MS  C  and  D,  under  higher  pressures.  Heat  is  supplied  to  the 
liquid  in  each  chamber  by  vapor  or  a  mixture  of  vapor  and  liquid 
in  the  central  tube,  the  external  source  of  heat  being  H,  which 
maj  be  considered  a  small  boiler  having  a  closed  circulation,  steam 
being  delivered  by  a  vertical  pipe,  G,  condensed  in  the  central  tube 
of  the  chamber  D  and  returned  to  the  boiler  H. 

3.  The  water  to  be  evaporated  is  delivered  into  the  bottom  of 
the  chamber  A,  and  is  gradually  heated  by  contact  with  the  central 
tube,  as  it  arisee  to  the  top,  from  which  point  it  passes  to  the 
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bottom  of  the  chamber  B.  Her©  its  temperature  is  further  in- 
creased and  a  portion  of  it  is  vaporized,  the  remainder  being 
taken  uj>  by  the  pump  F',  and  delivered  to  the  chamber  C,  of 
liigher  pressure,  where  its  temperature  is  further  increased  and 
»bere  another  portion  is  vaporized.  That  not  vaporized  in  C  is 
Iftken  up  hy  pump  f*  and  delivered  to  chamber  D,  which  is  under 
■  still  higher  pressure,  where  it  is  entirely  vaporized.  The  return 
circulation  begins  with  the  vapor  given  ofE  in  the  chamber  D, 
viucb  passes  off  by  the  pipe  /  and  becomes  a  source  of  heat  for 
the  chamber  C,  being  condensed  by  tlie  time  it  reaches  the  bot- 
tom of  chamber  C.  From  this  point  it'is  conveyed  to  the  reducing 
preasurc  valve  L,  where  its  pressure  is  reduced  to  the  pressure  of 
&e  vapor  ■within  the  chamber  C.  From  L  the  stream  passes  on 
to  the  mixing  valve  if,  where  it  intermingles  with  the  steam  de- 
Brered  from  the  chamber  G,  the  combined  stream  of  liquid  and 
apor  passing  through  the  central  tube  of  the  chamber  B,  serving 
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as  its  source  of  heat^  being  condensed  to  liquid  form  and,  fii 
being  delivered  to  the  reducing  valve  L^,  where  its  pressi 
again  reduced,  and  from  which  point  it  passes  to  M\  wIm 
mijigles  with  the  vapor  given  off  by  the  chamber  B,  after  y 
the  combined  streams  of  vapor  and  liquid  pass  through  the  c< 
tube  of  chamber  A,  are  cooled  and  finally  discharged. 

4.  In  the  process  thus  briefly  outlined,  the  following  fac 
to  be  noted: 

a.  That  the  ingoing  stream  of  liquid  is  continually  incn 
in  temperature,  and  that  the  return  current  of  vapor  is  co: 
ally  diminishing  in  temperature,  the  arrangement  being  sud 
it  is  entirely  possible  to  have  a  fixed  difference  between  the 
ing  medium  and  the  medium  to  which  heat  is  imparted  throu 
all  portions  of  the  apparatus;  also,  each  particular  portion  oJ 
element  retains  a  fixed  temperature. 

h.  The  losses  of  heat  which  occur  from  the  apparatus  are 
of  radiation  and  those  which  are  represented  by  the  differen 
the  temperature  or  condition  between  the  liquid  supplied  ai 
condensate  delivered.  Heat  thus  lost  must  be  supplied  froi 
source  of  heat  and  nothing  more. 

c.  It  is  conceivable  that  the  temperature  of  the  discharg( 
be  so  reduced  as  to  approach  very  nearly  the  temperature  ( 
supply;  also,  that  as  ideal  conditions  are  approached,  rad 
losses  may  be  diminished,  and,  at  the  limit,  losses  on  both  of 
accounts  cease;  that  is,  the  cycle  of  the  apparatus  is  one  of 
mmn  efficiency. 

5.  For  satisfactory  operation,  the  total  range  of  temperati 
which  the  apparatus  is  subjected  is  divided  equally  betwee 
several  stages  of  the  process,  the  temperature  of  each  chj 
being  controlled  by  the  pressure  which  is  maintained  up 
whicli  in  turn  is  regulated  by  valves  on  outlets.  For  exam] 
the  a])]>iiratiis  shown  (liai2:ranniiatically  by  Fig.  43  is  assumed 
o])orated  from  a  tenipcraturo  of  *>00  degrees  in  the  boiler 
a  final  temperature  in  chamber  B  of  212,  then  the  tempei 
of  the  water  in  chamber  C  would  be  maintained  at  262,  an< 
of  the  water  in  chamber  D  at  312,  the  difference  in  tempe] 
for  each  transmission  being  in  this  case  50  degrees.  This 
also  measures  the  difference  in  temperature  between  the  m 
within  the  central  tube  and  the  liquid  around  the  same  ii 
chamber.  The  pressures  upon  the  several  chambers,  etc.,  8 
ing  the  liquid  operated  upon  to  be  water,  would  be,  for  the  boi 
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145  pounds;  the  chamber  D  and  pipe  J^  65  pounds;  the  chan 
G  and  i)ipe  e/*,  25  pounds ;  the  chamber  B  and  pipe  J ,  atmospb 
the  pressure  in  each  case  being  controlled  by  valves  upon  the 
charge  pipe. 

6.  The  action  thus  far  described  in  general  terms  is  suscept 
of  careful  analysis,  some  of  the  results  of  which  appear  in  Fig. 
This  figure  is  a  diagram  of  a  five-stage  apparatus,  upon  which 
noted  the  pressure,  temperature  and  condition  of  mixture  of 
circulating  streams  in  their  course  through  the  system;  also, 
weight  of  mixture  transmitted  from  one  chamber  to  another 
each  pound  of  vapor  delivered  by  the  chamber  of  highest  t 
perature,  F.  Other  assumptions  underlying  the  values  given 
as  follows : 

a.  That  the  liquid  distilled  is  water. 

6.  That  the  difference  of  temperature  between  each  step  in 
process  is  33  degrees;  that  is,  that  the  temperature  of  each 
ceeding  chamber  is  33  degrees  higher  than  that  of  the  chan 
next  below,  from  which  it  follows  that  in  any  given  element 
temperature  within  the  central  tube  is  33  degrees  higher  than 
temperature  of  the  surrcunding  liquid. 

c.  That  the  tcunporature  of  water  supplied  is  62  degrees. 

d.  Tliat  the  discharge  from  A  is  at  atmospheric  pressure; 
is,  at  a  pressure  of  1 5  pounds,  absolute,  and  a  temperature  of 
degrees. 

e.  Tliai  2  per  cent,  of  the  heat  supplied  each  chamber  is 
by  radiation. 

7.  A  more  detailed  presentation  of  analytical  results  is  resc 
for  later  paragraphs,  but  it  may  here  be  noted  that  the  effici 
of  the  a])]Kiratns  dejx'iids  u]vm  the  number  of  chambers  empL 
and  that  its  eharaeteristic  features  is  to  be  found  in  the  fact 
it  so  conserves  the  heat  supplied  it  that  the  process  may  be 
cessfully  extinuled  through  a  long  series  of  steps. 

8.  (JonsidcM'ing  now  the  details  of  the  apparatus,  it  is  to  b 
served  that  the  i>roccss  thus  far  (hv^cribed  involves  a  Sep 
pumj)  for  each  of  tlie  -several  evaporator  chambers.  Thu 
Fiii'.  !.'>,  tlicre  are  ])n)vi<h'<l  fur  the  eva])orator  chambers  . 
and  D  the  pumps  7^^',  7^' and  F\  This  necessity  arises  fron 
faet  that  at  each  stage  the  feed  is  ])ass.ing  from  a  lower 
higher  pressure,  and  the  requirements  of  the  cycle  necesi 
that  the  water  supplied  to  each  pump  shall  have  the  tem 
ture   oi   the   ehamber   next    below   l)efon^   being  forced  tc 


hs  single  feed-pump  delivers  water  at  a  pressure  suf- 

liigh  to  supply  all  evaporator  chambers,  including  that 
est  pressure.     Water  delivered  by  the  pump  is  passed 

a  succession  of  heaters  connected  with  the  evaporator 
•s  in  such  a  manner  that  the  feed  emerging  from  each 
as  the  same  temperature  as  it  would  have  had  if  it  mingled 
J  water  of  the  chamber,  while  branch  pipes  are  employed 
jy  the  feed  to  each  individual  chamber.  The  course  of 
ng  in  its  external  appearance  is  shown  by  Fig.  41.  It 
seen  that  the  feed  enters  the  base  of  the  preliminary 
IS  delivered  therefrom  at  a  point  near  the  top,  is  conveyed 
ill  heater  over  the  second  iBvaporator  chamber,  thence  to 
;er  over  the  third  evaporator  chamber,  and  thence  on  to 
heater  over  the  sixth  evaporator  chamber.  Branches  are 
F  after  each  heater  to  supply  the  evaporator  chamber  with 
le  heater  is  connected.  The  control  of  this  supply  is  best 
1  by  Fig.  42,  showing  the  float-valve  regulating  the  adniis- 
vater  to  the  evaporator  chamber.     It  will  be  remembered 

pressure  above  the  float-valve  is  greater  than  the  pressure 
•f  the  evaporator  chambers,  so  that  the  feed  enters  when- 

valve  is  oflf  its  seat.  Eefcrring  more  particularly  to  the 
Fig.  42),  it  will  be  seen  that  this  is  similar  in  construction 
)  main  evaporator  chamber.  The  mixture  of  vapor  and 
'hich  is  to  supply  heat  to  the  main  evaporator  chamber 
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as  well  as  of  the  evaporator  chamber.  The  soKd  matter  ^ 
may  be  deposited  within  the  chamber  around  the  tubes  ma 
disposed  of  by  use  of  a  blow-off,  by  cleaning  through  maul 
or  by  the  complete  removal  of  the  nests  of  tubes  from  the 
of  the  chamber.  In  the  construction  of  the  apparatus  the  ce 
tube  is  threaded  to  the  tube-plate  at  both  ends.  All  other  1 
are  threaded  at  their  lower  ends  only.  The  presence  ol 
central  tube  maintains  the  relative  position  of  the  tube-j 
and  permits  all  the  tubes  of  a  chamber  to  be  withdrawn  togc 
10.  Having  defined  the  character  of  the  apparatus,  atte 
may  be  given  to  matters  affecting  its  performance.  In  gei 
three  different  classes  of  the  apparatus  are  to  be  dealt  with,  an 
convenience  Class  A  will  be  designated  as  representing  an 
ratus  aU  portions  of  which  are  operated  at  pressures  abov 
atmosphere ;  Class  B  as  representing  an  apparatus  all  portio 
which  are  to  operate  below  the  pressure  of  the  atmosphere 
Class  C  as  representing  an  apparatus  a  portion  of  which 
operate  at  pressures  above  the  atmosphere  and  a  portion  at 
sures  below  the  atmosphere.  Class  A  may  be  regarded  as  a 
pressure  apparatus,  Class  B  a  low-pressure  apparatus  su< 
might  be  operated  by  the  use  of  exhaust  steam,  and  Clssi 
high  and  low  pressure  apparatus.  Practical  and  convenient  r 
of  pressure  and  temperature  applying  to  each  of  the  three  c 
thus  designated,  when  designed  for  the  distillation  of  wate 
as  follows: 


TABLE  I. 

l)K»irjNATio\.                            '  Absolute 

Pressurs. 

TBMPEBATV] 

ClasH. 

A.s  to  PreKsurt'.                      lliglicpt. 

Lowest. 

Highest. 

h 

A 
B 
C 

High  pressure. 

Low  pressure. 

High  and  low  pressure. 

115 

15 

115 

15 
10 
1.0 

838 
212 
888 

The  relations  shown  arc  merely  chosen  for  purposes  of  ill 
tion.  So  far  as  the  working  of  the  apparatus  is  concemec 
other  practical  limits  might  have  been  chosen. 

11.  The  weight  of  water  which  will  bo  distilled  for  each  ] 
of  saturated  steam  supplied  from  the  source  of  heat  for  an  \ 
atus  of  the  high-pressure  type,  working  under  the  conditic 
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pressure  set  forth  in  Table  I.,  and  assuming  no  loss  to  occur  by 
radiation  or  in  the  form  of  vapor  from  the  delivered  stream,  will 
be  as  follows: 


TABLE 

II. 

RIGHT  OP  Distilled 

Water  per 

Pound 

OF  Steam 

Used. 

Namber  of  Evaporator 

Poands  of  Water  per  Ponnd 

Chamben. 

of  steam. 

3 

2.8 

4 

3.6 

6 

4.4 

6 

5.2 

t 

7 

5.9 

8 

6.5 

9 

7.1 

10 

7.6 

12.  The  weight  of  water  distilled  for  each  pound  of  steam  sup- 
plied is  nearly  the  same  for  all  three  classes  as  above  defined.  An 
approximate  relation  applying  to  all  classes  is  represented  by  the 
formula,  W  =  0.85  iV,  in  which  W  is  the  number  of  pounds  of 
water  distilled  for  each  pound  of  steam  supplied,  and  N  is  the 
number  of  evaporator  chambers.  If  the  boiler  which  serves  as 
the  source  of  heat  delivers  ten  pounds  of  steam  per  pound  of  coal 
burned,  the  output  of  distilled  water  per  pound  of  coal  .will  be  ten 
times  the  values  given  in  Table  II. 

13.  Results  appearing  in  the  preceding  Table  II.  are  in  some 
C4ises  subject  to  correction  to  cover  losses  due  to  the  presence  of 
vapor  in  the  discharged  stream.  In  the  action  of  the  machine,  all 
condensation  is  the  result  of  the  cooling  action  of  the  incoming 
stream  of  liquid  feed.  Under  certain  conditions,  this  will  be  insuf- 
ficient, in  which  case  a  portion  of  the  issuing  stream  delivered 
from  the  apparatus  will  be  vapor  and  will  in  part  disappear  as  it 
emerges  from  the  pipe.  The  extent  of  this  loss,  if  any,  decreases 
*s  the  number  of  chambers  is  increased.  In  apparatus  of  the  Class 
A  it  entirely  disappears  when  seven  evaporator  chambers  are  used; 
but  in  types  B  and  C  there  will  be  a  slight  loss  even  when  as  many 
48  ten  evaporator  chambers  are  used.  The  percentage  of  the  total 
weight  of  the  discharged  stream  which  will  be  delivered  in  the 
form  of  vapor  is  as  follows : 
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TABLE  III. 

Percentage 

OF  Discharged  Stream  Lost  bt  Vafobizatiof. 

Class  of  Appantns. 

Number  of  Evaporator 

ChamberH. 

A 

B 

c 

3 

21 

83 

82 

4 

11 

25 

22 

5 

6 

19 

16 

6 

2 

16 

12 

7 

0 

18 

10 

8 

0 

11 

8 

9 

0 

9 

7 

10 

0 

8 

6 

14.  The  extent  of  heating  surface  in  each  element  (one  evapo^^ 
ating  chamber  and  its  attached  heater)  needed  for  a  given  capaoity 
is  not  materially  affected  by  changes  in  the  number  of  elements  i^ 
the  series.  Assuming  the  pressure  ranges  set  forth  in  Table  !•> 
and  assuming  each  foot  of  tube  surface  to  transmit  400  thenxuJ 
units  per  degree  difference  of  temperature  per  hour,  there  vriU 
bo  required  in  each  element  of  an  apparatus  designed  to  distil 
1,000  gallons  of  water  per  hour  an  amount  of  heating  surface  «s 
follows : 


TABLE   IV. 

JSquahe  Feet  of  Tube  Surface  in  each  Element  per  1,000  Qallohs  of 

Water  to  be  Distilled. 


Clans  of  Apparatus. 

A  (Higli  Pressure). 
B  (Low  Pressure). 
C  (Higli  and  Low). 


Tabe  Surface. 
174 
188 
118 


15.  The  total  amount  of  tube  surface  required  for  any  appa- 
ratus of  the  capacity  stated  will  be  found  by  multiplying  the  num- 
ber of  evaporator  chambers  it  is  to  contain,  plus  one,  by  the  value 
assigned  its  class  in  the  preceding  statement.  The  unit  added 
covers  the  largo  heater  (1st  Heater,  Fig.  41).  For  example,  if  it 
is  required  to  design  a  seven-chamber  apparatus  of  the  A  class  to 
distil  1,000  gallons  of  water  per  hour,  then  the  total  number  of 
square  feet  of  heating  surface  for  the  whole  system  will  be  8 
X  174  or  1,392  square  feet. 

16.  The  size  of  the  small  feed-water  heaters  varies  with  the 
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quantity  of  water  which  each  must  handle,  and  this  diminishes 
with  each  step  that  the  feed  is  advanced,  the  percentage  of  the 
total  feed  handled  by  each  heater  being  as  follows: 


TABLE  V. 

PSBCENTAOE  OP  THE  TOTAL   FeED  PASSING   EACH   HeATER. 
(Numbers  assigned  heaters  agree  with  those  given  in  Fig.  1.) 


Namber  of 
,  E^iporator 
Chambers 
In  Series. 

Designation-  op  Heater. 
(Namber  of  heaters  one  less  than  namber  of  evaporators.) 

1 

2 

3 

4 

5 

6 

7 

8 

25 
33 

9 

1 

0 

« 
3 
4 
5 
6 
7 
8 
9 
10 

100 
100 
100 
100 
100 
100 
100 
100 
100 
100 

71 
76 

81 
84 
85 
86 
88 
90 

53 
63 
70 
75 
75 
78 
81 

44 
54 
62 
64 
68 
72 

37 

48 
52 
58 
63 

33 

40 
48 
53 

27 
37 
43 

23 

17.  From  values  in  the  preceding  table,  and  the  known  capa- 
<?ity  of  a  proposed  apparatus,  the  weight  of  water  in  pounds  which 
will  pass  each  heater  can  be  ascertained,  after  which  the  tube  sur- 
face of  each  small  heater  may  be  found  by  use  of  the  following 
formula,  A  =  0.00173  TF,  in  which  A  is  the  required  area  of  tube- 
surface  in  the  heater  and  \Y  is  the  number  of  pounds  of  water 
passing  the  heater  per  hour.     On  the  basis  of  this  formula,  it  can 
be  shown  tliat  the  area  of  tube  surface  for  the  several  small  heat- 
ers of  a  seven-stage  apparatus,  designed  to  distil  1,000  gallons  of 
water  per  hour,  under  the  pressure  range  of  Class  A,  Table  I., 
siiould  be  as  follows : 


TABLE   VI. 

IK  Fket  of 

Tube  Suhkace 

IN  Small  He/ 

Designation  of 

Square  Foot  of 

Heater. 

Hoatlng  Surface. 

2d 

4.8 

8d 

6.8 

4th 

8.8 

5th 

10.6 

6th 

12  4 
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This  will  serve  to  indicate  the  significance  of  the  small  heater 
a  part  of  the  general  design.  Since  all  are  relatively  snull,  t 
action  of  tlic  apparatus  as  a  whole  can  not  be  greatly  affected 
all  are  made  the  same  size.  If  in  the  preceding  example  all  m 
made  equal  to  the  mean  value  obtained  hy  calculation,  the  Burfi 
of  each  would  he  8.6  square  feet,  and  the  area  assigned  the  aevei 


evaporator   cliamher^    (Tiiblc   IV.)   ni.iy   be   reduced   by  a 
amount. 

18.  Having  now  detonnliicil  the  proportions  which  musl 
given  the  scvi-ral  lueinbers  of  the  api>aratus,  it  should  be  st 
thiit  tlic  arnnifii-iiiciit  vim  not  always  bo  that  set  forth  in  Figa 
and  42.  In  a  l-iw-jiressiiri'  s^ystfin,  or  in  a  lijgh-and-low  prea 
system  (classes  U  and  C),  somo  mndilicntion  in  the  mechanica 
rangement  shown  by  thi'  diagrnnn  is  necessary.  Thus,  the  cl 
hers  which  are  low  in  tlie  scale  of  pressures  must  be  ao  arrai 
that  the  water  of  condensation  from  ouo  chamber  will  flow  fi 
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the  chamber  next  lower  in  pressure.  That  is  to  say,  it  wUl  be 
cessary  to  place  one  element  above  the  other.  The  reason  for 
cli  an  arrangement  is  that  the  pressure  difference  between  each 
amber  is  not  sufficient  to  overcome  the  head  of  water  equivalent 
the  distance  from  the  bottom  of  one  chamber  to  the  top  of  the 
It  Just  how  many  chambers  will  need  to  be  so  arranged  can 
Ij  be  stated  when  the  conditions  of  the  individual  case  shall 
?e  been  defined.  Obviously,  the  cycle  will  not  be  interfered 
;h  or  the  working  of  the  apparatus  changed  if  all  the  elements 
I  arranged  in  a  vertical  series  instead  of  a  horizontal  series. 
19.  To  the  foregoing  should  be  added  the  fact  that  the  practi- 
)ility  of  the  cycle  described  has  been  well  established  by  the  per- 
Tnance  of  a  small  seven-chamber  apparatus,  which  is  shown  by 
,'.  45.  The  view  makes  the  machine  appear  more  complicated 
m  it  really  is,  since  the  heaters  are  made  up  of  pipe  fittings.  It 
IW3  also  the  apparatus  with  most  of  the  covering  removed, 
ereas  in  service  all  portions  of  the  machine  were  covered  with 
i-conducting  material.  By  the  aid  of  this  apparatus  it  has  been 
>wn  that  vaporization  takes  place  and  the  whole  action  proceeds 
has  been  described,  even  when  the  temperature  difference  be- 
ien  adjacent  chambers  is  less  than  ten  degrees,  and  by  its  use 
ts  already  presented,  with  reference  to  capacity  and  efficiency, 
i^e  been  substantially  checked. 

In  conclusion,  the  writer  finds  pleasure  in  acknowledging  the 
[K)rtant  assistance  rendered  both  in  the  analytical  study  and  in 
experimentation  which  followed  it,  by  Prof.  E.  S.  Miller  and 
.  Charles  Ducas,  Junior  Members  of  the  Society. 

DISCUSSION. 

1/r.  //.  JI,  Suplee. — I  sliould  like  to  ask  whoroin  this  arrange- 
it  of  t'vaporators  differs  from  the  iiniltiple-effect  evai)oratiiig 
s\\st(»iii  of  Uillieux,  as  used  in  the  inanufacture  of  sugar.  I 
evo  that  some  of  the  vessels  of  the  United  States  navy  are 
ipjK^d  with  inultipl(»-effect  evaporators  whieli  are  practically 
same  as  those  used  in  sugar  works,  and,  so  far  as  I  can  recall, 
arrangement  is  practically  the  same  as  that  described  in  the 

Vo/".  D,  S.  Jacobus. — It  is  stated  that  the  losses  of  heat  which 
ir  are  those  of  radiation  and  those  representcnl  by  the  differ- 
•s  in  the  temperature  or  condition  between  the  liquid  supplied 


\ 
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and  tlie  condensate  delivered.  In  testing  a  large  Yaryan  trip] 
effect  evaporator,  I  found  that,  in  order  to  get  rid  of  air  whic 
would  otiierwise  accumulate,  we  had  to  lead  some  steam  froi 
each  effect  directly  into  the  one  below  it  by  partly  opening  bv 
])ass  valves  provided  for  the  purj^ose.  If  the  air  were  allowec 
to  accumulate,  it  would  reduce  the  capacity  of  the  evaporator 
This  naturallv  lowered  the  efficiencv.  Will  Professor  Goss 
kindly  tell  us  wlu^ther  he  has  noticed  any  similar  action  in  the 
operation  of  his  a])paratus? 

Prof,  ir.  F.  M,  Goss, — Kes])onding  to  the  question  of  Mr. 
Suplec,  I  would  say  that  in  all  other  multiple-effect  evaporating 
systems  with  which  I  am  familiar  the  condensation  from  eachpai 
or  chamber  is  drawn  out  separately,  cooled  and  delivered.  The 
presence  of  the  cooler  leads  to  larg*(»  losses  of  heat,  and  the  seriei 
can  not  b(*  ma<le  to  iucbuk*  very  many  effects.  In  the  apparatui 
under  consicU^ration,  the  entire  discharge,  not  of  vapor  only,  bu 
of  condensate  as  well,  of  one  chamber  is  carried  on  to  heat  thi 
chamber  of  the  next  low(»r  tem])erature,  and  at  the  end  of  th 
series  the  distillate  of  all  chambers  is  delivered  and  cooled  inth 
form  of  a  single  stream. 

Our  experiirients  have  not  developed  any  difficulty  of  the  kin 
referrcul  to  by  Pi'ofcv^sor  flacobus.  The  apparatus  illustrated  i 
Kiii".  45  has  been  kept  in  continuous  operation  for  periods  of  tweh 
or  f<.»ui-t('eu  hours,  witli  no  diminution  in  capacity  or  efficiency. 

I^rofcsiior  Jitrohm^. — If  the  a])])aratus  were  operated  with 
vacuum  at  tlie  last  effect,  the  difficulty  with  the  air  might  ha' 
been  ex])erience<l.  In  tlu*  tests  of  the  Yars'an  evaporator  the 
was  a  higli  vacuum  at  the  last  effect,  and  the  capacity  was  cc 
siderably  re(bi(*ed  if  it  was  operated  an  hour  or  so  without  ope 
ing  the  l)y-])ass  valvc^s. 

Professor  fio.s'.v.* — It  is  true,  as  has  been  suggested,  that  all 
our  exjHM'iinents  have  l)een  with  a  high-])rrssure  system.  We  ha 
not  us(  (I  a  vacuum.  A  studv  of  the  ccmrse  of  the  feed  and  of  1 
distillate  tlirnua'h  tliis  a])paratus  is,  however,  reassuring,  since  1 
di>tillale  from  all  snurccs  i<  constantly  leading  on  in  a  sin, 
direction,  and  will,  I  think,  carrv  with  it  a  reasonable  amoiuit 

■ 

entrained  air.      For  this  reason,  I  do  not  anticipate  trouble  of  ' 
sort  described,  at  whatever  ])ressur(*  the  apparatus  maj;  be  us 
It.  has  been  suggested  that  the  value  of  the  paper  would  be 
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•eased  if  there  were  added  a  statement  concerning/the  cost  of  dis- 
lling  water  by  means  of  the  apparatus  described.  The  cost 
^ssarily  depends  somewhat  upon  local  conditions.  For  each 
Jlar  cost  per  ton  of  coal,  a  seven-chambered  apparatus  of  the 
^h-pressure  t\T)e  requires  7.1  cents'  worth  of  fuel  per  thousand 
lions  of  water  distilled.  Assuming  such  an  apparatus  to  work 
•0  days  in  the  year,  and  to  cost  $3  per  foot  of  tube  surface,  the 
terest  and  depreciation  charges  at  10  per  cent.,  the  first  cost 
lounts  to  something  less  than  6  cents  per  thousand  gallons,  mak- 
Efthe  total  cost  of  distilled  water,  excluding  attendance,  which 
i\  bo  little  or  much,  13  cents  per  thousand  gallons.  A  general 
itoment  of  these  facts  is  as  follows : 

Cost  in  cents  per  thousand  gallons  =  7.1  x  cost  of  coal  per 
1  in  dollars  +  6. 

Since  the  apparatus  requires  no  cooling  water,  no  costs  can 
ISO  on  this  account,  a  fact  wliicli,  under  some  conditions  of  ser- 
;e  gives  the  series  apparatus  an  important  advantage  over 
hers  of  more  simple  form. 

The  following  tabulated  statement  constitutes  a  more  elaborate 
^sentation  of  the  facts  affecting  cost  as  based  upon  an  apparatus 
a  tliousand  gallons  per  hour  capacity : 

Number  of  evaporating  chambers 4  7  10 

.  Uilionsof  water  distilled  per  year,  assuming 

800  working  days  of  24  hours  each 7,200.000     7,200.000       7,200,000 

.  Pounds  of  ooal  per  year 1,670,000      1,019,000  790,000 

.  Cost  of  coal  at  one  dollar  per  ton,  dollars. .  855  510  895 

Area  of  tube  surface  in  plant,  feet 770  1,392  1,914 

.  Cost  of  complete  plant  on  the  basis  of  three 

dollars  per  foot  of  tube  surface,  dollars. .  2,*210  4,176  5,743 

AoDual  interest  and  depreciation,  10  p.  c. .  221  417  57  > 

Annual  total  cost,  excluding  attendance. . .         1.076  927  970 

Fuel  cost   per  thousand  gallons   for  each 

dollar  cost  per  ton  of  coal,  cents 11.8  7.1  5.0 

Interest  and  depreciation  charges  per  thou- 

nnd  gallons,  cents 3.1  5.7  7.9 

Fuel,  interest  and  depreciation  per  thou- 
Bind  gallons,  coal  at  one  dollar  por  ton, 

cents 14.9  12.8  13.4 

Fuel,  interest  and  depreciation  ])er  thou- 
sand gallons,  coal  at  two  dollars  per  ton, 

cents 26.7  19.9  18.9 

Fuel,  Interest  and  depreciation  per  thou- 
sand gallons,  coal  at  three  dollars  per 
ton.cents 38.5  27.0  24.4 


176  SULPHUROUS  ANHYDRIDE  (sO,)  PRESSURE  TEMFBRATUBX  ODBTI 


No.  lOSO.* 

THE  PRESSURE  TEMPERATURE  CURVE  OF  SUL- 
PHUROUS ANHYDRIDE  (80,). 

BT  EDWARD  T.   MILLER,  BOSTON,  XAB8. 

(Member  of  the  Society.) 

1.  The  use  of  sulphurous  anhydride  as  one  of  the  workin 
vapors  in  the  "  Binary  Heat  Engine  "  or  "  Waste  Heat  Engine 
has  made  evident  the  need  of  more  complete  tables  of  the  prope: 
tics  of  this  vapor,  especially  at  the  high  pressures. 

2.  A  series  of  articles  by  Prof.  R.  H.  Thurston  printed  in  ti 
Journal  of  the  Franklin  Institute,  1902,  explains  fully  the  pii 
ciplc  of  this  engine. 

3.  A  paper  by  the  writer,  read  before  the  New  England  Wat 
Works  Association,  printed  in  the  1902  proceedings  and  reprinti 
in  Engineering  Neivs  of  November  27,  1902,  gives  an  aooott 
of  the  engine  at  the  Technische  Ilochschule  at  Charlottenbe: 
with  results  of  tests  made  on  the  engine. 

4.  Volume  Xll.  of  Transactions  of  A.  S.  M.  E.  contains  the i 
suits  of  an  experimental  determination  of  the  latent  heat  of  S< 
by  Professor  Jacobus. 

5.  Messrs.  Flowers  and  Walton,  of  Cornell,  tabulated  the  wo 
of  the  various  experimenters  on  SO  and  from  this  tabulati 
constructed  tables  of  the  properties  of  this  vapor.  These  tab. 
are  the  most  complete  of  any  the  writer  knows  of. 

6.  The  work  presented  in  this  paper  was  carried  on  under  t 
direction  of  the  writer  by  Mr.  D.  D.  Mohler,  a  senior  in  the  cou3 
in  Chemical  Engineering:  at  Mass.  Inst.  Technology. 

7.  The  apparatus  in  wliich  the  SO,  was  vaporized  consisted 
an  aluminum  l^ronze  cylinder  with  hemispherical  end  and  cover, 
inches  insid(^  diameter  and  10  inches  in  length  inside  of  cov 
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riiis  cylinder  was  placed  on  end  inside  of  a  copper  kettle  15 
nches  in  diameter  and  15  inches  tall,  which  was  open  at  the  top. 
lie  kettle  was  covered  on  the  outside  with  magnesia  to  a  depth  of 
inches,  and  the  bottom  rested  on  an  electric  stove. 

8.  Cylinder  oil  filled  the  space  between  the  kettle  and  the  cylin- 
ler  to  a  depth  of  5  inches. 

9.  Immersed  in  the  oil  there  was  a  heating  coil  of  25  feet  of  No. 
!4  B.  &  S.  gauge  iron  -wire  and  a  stirrer  with  vanes  turned  so  as 
0  drive  the  oil  from  the  top  downwards.  This  stirrer  was  driven 
>y  a  ^  horse-power  motor. 

10.  The  cover  of  the  aluminum  bronze  cylinder  was  provided 
rith  a  gauge  connection,  a  filling  valve  and  a  thermometer  well 
taching  down  into  the  liquid  SO 

11.  Temperatures  of  the  S0»  were  determined  by  an  Alvergnait 
nillimeter  thermometer  graduated  to  iV  of  a  degree  Fahr. 

12.  Pressures  were  measured  by  a  gauge  of  large  diameter  pro- 
rided  with  a  steel  tube  made  specially  for  this  purpose. 

13.  This  gauge  could  be  read  to  tV  of  a  pound. 

14.  The  SO,  used  was  found  by  chemical  analysis  to  be  99.3  per 
•t'nt.  pure  with  .3  per  cent,  of  (^O^  and  .4  per  cent.  air. 

15.  In  filling  the  aluminum  bronze  cylinder  with  SO,  the  air 
ws  first  exhausted  to  a  vacuum  of  28  inches.  Liquid  SO^  was  then 
run  in  till  the  pressure  inside  the  cylinder  was  the  same  as  that 
)f  the  atmosphere.  The  cylinder  was  then  exhausted  again  to 
28  inches  vacuum  and  more  SO,  supplied.  The  operation  was 
fepeated  a  third  time. 

16.  After  the  air  had  been  removed  eight  pounds  of  liquid  SO, 
wre  run  in.  This  amount  brought  the  level  of  the  liquid  SO,  a 
little  above  that  of  the  cylinder  oil  in  the  outer  kettle. 

17.  The  oil  could  be  heated  sufficiently  in  from  10  to  15  minutes 
7  the  resistance  coil  to  cause  an  increase  of  pressure  of  5  pounds 
i^de  the  cylinder. 

18.  After  heating  to  the  desired  temperature  the  current  was 
^ed  from  the  coil  and  the  electric  stove  under  the  kettle  was 
"8ed  to  supply  sufficient  heat  to  make  up  for  that  lost  by  radiation. 

19.  By  this  means  the  pressure  could  be  maintained  nearly  con- 
tint  for  a  considerable  space  of  time. 

20.  A  series  of  preliminary  observations  pave  sufficient  data  to 
3uble  one  to  plot  the  curve  with  considerable  accuracy. 

21.  The  final  observations,  covering  a  continuous  period  of  24 
'oun  were  taken  as  follows:  At  low  temperature  20  to  25  readings 
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were  taken  at  each  pressure  at  15  second  intervals.     The  ther- 
mometer readings  for  each  set  were  practically  constant:  when  the 
higher  pressures  were  reached,  where  the  temperature  change  is 
slight  for  a  considerable  change  of  pressure,  it  was  found  that  the 
thermometer  lagged;  the  gauge  showing  a  change  before  any 
movement  of  th'e  mercury  could  be  detected. 

22.  To  allow  for  this  lag  of  the  thermometer  readings  were  be- 
gun when  the  gauge  had  reached  within  yV  of  a  pound  of  the  max- 
imum pressure  and  were  continued  at  15  second  intervals  till  the 
pressure  had  fallen  to  Vjr  pound  below  the  maximum  pressure. 

23.  It  was  assumed  that  the  lag  of  the  thermometer  on  a  falling 
pressure  and  falling  temperature  would  be  the  same  as  the  lag  on 
a  rising  pressure  and  rising  temperature. 

24.  In  some  cases  as  many  as  40  observations  were  taken  on  one 
determination. 

25.  The  observations  corrected  for  the  lag  of  the  thermometer 
and  for  errors  in  the  thermometer  and  in  the  gauge  are  given 
below : 

TABLE  I. 
Summary  op  Corrected  Obhervationr. 
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2G.  Tho  writer  has  plotted  both  those  observations  and  those 
ro])n'sc'Titinii'  K<*<i'iianltV  curve*  on  ]>lotting  i)aper  11  feet  by  4  feet 
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iinehesand  after  drawing  a  smooth  curve  through  the  pointa  has 
wd  from  this  curve  the  pressure  corresponding  to  each  degree. 

37.  At  high  pressure  the  work  may  be  in  error  possibly  one 
"iimd,at  iowi'r  pressure  tlic  error  is  imich  less. 

28.  The  following  table  wil]  enable  one  to  compare  the  results 
btainedby  the  various  experimenters: 


4|S 

I 

k,- 

^ 

lis 

^ 

r? 

( 

fk 

I'HJi 

f" 

I'S 

K  = 

^?a 

1 

lis 

• 

1 

4V 

f 

& 

^F 

i 

H 

47 : 

4T.« 

*7.6 

149 

177.8 

180  0 

I7S.0, 179.8 

,  Mi 

ir.H 

MMl  S 

■B'f^' 

7T,8 
Ml. 4 

(IB,  7 
78.0 

am 

171.5 

17ii 

■jse.  I 

2ryl.7 

Iws 

2,13.. 5 

3(tn.e 

fflll)   fi 

104.3 

1W.7 

.:m  3 

lUll.l 

111.0 

las.a  

m.i 

lOU.ll 
ISO  5 

■-'13 

tui.a 

!rn  1 

.4118.9 

418,0 

i:rf.7 

iwi  II  

137.1   l.-)7.0 

1 

aoi 

l.orri).:) 





I.  lii-^uiult  ex|it'rim<'ntod  between  tlio  teiiijierntiirrs — 40  de- 
9  Fahr.  and  149  degrees  Fahr.;  Saj'otsehewski  between  122 
eea  Fahr.  and  302  degrees  Fahr.,  determining  8  points.  This 
B  is  above  the  other-s  up  to  about  200  degrees  Fahr.  where  it 
rently  crosses;  Bhimckc  between  95  degrees  Fahr.  and  20S,3 
ies  Falir.,  determining  5  points. 
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TABLE  III. 


Saturated  Sulfhubous  Anhydride. 


AKD  PrKSSUBXS  Ck>RRK8POVDING  A8  RBAD  FROM  THB  PlOT  ;  NO  AtTKXFT  MaOK 

TO  ComuBCT  Valubs  bt  Making  Use  of  a  Tabus  op  Second  Differences. 
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DISCUSSION. 

Mr.  S.  A.  Moss. — Investigation  of  Professor  Miller's  table  of 
final  results,  Table  III.,  seems  to  indicate  that  he  has  given  more 
weiglit  to  Regnault's  values  than  to  his  own  in  the  region  where 
the  experiments  overlap.  In  this  region  Professor  Miller's  pres- 
sures, as  slio^vn  by  the  unsmoothed  values  given  in  Table  L,  are 
higher  than  Regnault's.  Would  it  not  be  better  to  give  a  table 
of  the  smoothed  values  actually  obtained  by  Professor  Miller 
instead  of  Table  III.,  which  gives  values  from  68  degrees  to  149 
degrees  lower  than  he  obtained  ? 

It  has  been  interesting  to  compare  Professor  Miller's  valiiea 
with  those  which  would  have  been  predicted  by  Ramsay^s  ami 
Young's  general  law  for  vapor  pressures.  This  law,  which  is  not 
as  generally  known  as  its  importance  deserves,  gives  a  means  of 
computing  the  vapor  pressure  corresponding  to  any  temperature, 
if  a  few  values  of  corresponding  pressure  and  temperature  are 
kno^\Ti. 

In  a  modified  form  (see  Physical  Review,  Vol.  XVL,  3Jo.  6, 
June,  1003)  the  law  is  as  follows :  Let  Tx  be  the  absolute  tem- 
I)erature  corr(*s])ondiiig  to  any  vapor  pressure  for  substance  x, 
and  Tw  the  absolute  temj)erature  corresponding  to  the  same  pres- 
sure for  water  vapor,  as  given  by  Steam  Tables.     Then  -»-  = 

1 

a-Tr, h  whore  a  and  h  are  constants,  diflFerent  for  each  sub- 

stance.  The  values  given  by  Professor  Miller  in  Table  I.  follow 
the  law  exactly  u])  to  about  157  degrees.  The  constants  as  com- 
jnited  for  this  region  from  Table  I.  give  as  the  equation  for  SO^ 

-}^  =  1.6GG7~  -  .00036. 
Is  lio 

Absolute  zero  is  taken  as  —  459.5  degrees  Fahr.  If  Bamsay's 
and  Young's  law  holds  true  for  all  values,  this  equation  gives  the 
saturation  temperature  for  any  pressure  whatever  if  we  know 
the  saturation  temperature  for  water  vapor  (steam)  at  that  pres- 
sure. 

As  stated,  the  values  given  by  Professor  Miller  in  Table  I. 
follow  this  law  exactly  up  to  157  degrees.  Beyond  this  point  there 
is  a  slight  departure,  the  ])ressures  given  by  the  law  being  lower 
than  those  given  by  Professor  ^Miller.     This  departure  is  noth- 


SULPHDBOUS  ANHYDRIDE  (SO,)  PRESSURE  TEMPERATURE  CURVE.    183 

ing  at  157  degrees  and  gradually  increases.  For  407  pounds 
pressure,  Professor  Miller  gives  210  degrees,  while  the  tempera- 
ture predicted  by  the  law  is  215.2.  This  discrepancy  indicates 
either  that  Ramsay's  and  Young's  law  does  not  hold  for  the  higher 
pressures  of  SO^  or  else  that  Professor  Miller's  higher  pressures 
ire  somewhat  too  great. 

Professor  Miller* — The  values  given  by  Eegnault  between  68 
degrees  and  149  degrees  were  given  equal  weight  with  points 
determined  by  these  experiments. 

If  these  had  been  disregarded,  the  pressures  at  the  lower  end 
of  the  curve  would  have  been  from  .1  to  .2  poimd  higher.  As 
Begnault's  values  were  used  below  68  degrees,  it  seemed  best  to 

inw  one  smooth  curve  through  all  the  points. 
I  have  read  with  much  interest  the  article  by  Mr.  Moss  in 

Physical  BevieWy  Vol.  XVI.,  No.  6,  and  had  intended  to  make 

fi  caJculation  to  show  the  agreement.     I  can  offer  no  explanation 

w  to  the  cause  of  the  variation  cited. 

*  Author's  Closure  under  the  Rules. 
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i  be  read.  The  instruiuent  was  improved  and  used  by 
Bazin ;  Fig.  49  shows  the  form  used  by  them.  It  con- 
'  tubes,  one  drawn  to  a  fine  point  and  pointing  up 
other  with  small  openings  on  top  and  bottom  at  the 
liowm  in  Fig.  49.  The  first  of  these  is  the  impact  tube 
nd  the  pressure  or  static  tube;  the  tops  of  the  two  tubes 
ed  so  that  a  partial  vacuuui  formed  above  tlie  liquid 
1  cause  the  liquid  in  both  to  rise  by  the  same  amoimt 


I  \ 


t  convenient  for  reading.  The  instrument  being  in 
lir  is  exhausted,  having  opened  the  slop  cocks  li  and  R', 
iqui<l  ia  raised  to  the  desired  height  when  R  is  closed, 
le  instrument  to  detormine  vrloeity,  more  or  less  vibra- 
*  in  the  two  columns  depending  somewhat  on  the  uni- 
the  velocity  being  measured,  the  size  of  the  tubes,  their 
>tc.  Maximum  and  minimum  readings  may  be  observed 
an  computed,  or  a  moan  roatling  may  be  determined 
rom  the  instrument.  If  the  openings  are  small,  the 
will  be  small ;  partially  closing  the  cock  R'  has  the  effect 
;  the  instrument  to  average  the  readings.  Finally  R' 
lickly  closed  at  the  mean  reading  and  the  difference  of 
with  deliberation.    The  researches  of  Darcy  and  Bazin 
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were  published  in  1865.    They  found  for  the  tube  describ 

in  the  formula  v=  q)  V2^A,  ^was  approximately  equal  to 
its  value  varying  slightly  according  to  the  three  different  i 
of  rating  which  were  as  follows  :* 

(1)  By  placing  the  tube  in  front  of  a  boat  and  dra' 
through  still  water  at  different  velocities.  This  gave  a  co< 
of  1.034. 

(2)  By  observing  the  readings  in  a  stream,  the  velocit; 
obtained  bv  floats,  coefficient  1.006. 

(3)  By  readings  taken  in  different  parts  of  a  canal  ir 
the  amount  of  water  passing  was  known  by  measurement 
volume.     Coefficient  0.093. 

The  first  coefficient  was  believed  to  be  too  large,  as  the 
may  have  struck  the  orifice  at  an  angle,  due  to  the  wate 
raised  in  front  of  the  bow  of  the  boat. 

3.  Many  others  have  experimented  with  this  instrur 
recent  years,  the  instrument  taking  different  forms,  accoi 
the  ideas  of  the  men  who  designed  and  used  them.  The  f 
parted  radically,  in  many  cases  from  that  used  by  Dai 
Bazin;  the  results  obtained  have  been  variously  intei 
Most  of  these  instruments  have  had  a  coefficient  q)  less  tha 

in  the  formula  r  =  ^  V2yA,  which  transposed  gives  a  vali 

great(>r  than  ^-^  the  head  due  to  velocity.    This  led  to  the 

• 

that  the  correct  theoretical  formula  for  the  Pitot  tube  is  t 

and  it  is  so  stated  in  some  text  books.     This  belief  was  si 

ened  by  the  fact  that  in  some  cases  the  rating  of  the  tub 

results  which  c()rr(\s])onded  rc^asonably  well  with  this  fon 

in  the  experiments  of  Weisbach.:j: 

4.  A  common  belief  also,  was  that  the  shape  of  the  imp: 
whether  conically  divergent,  conically  convergent,  with  th 
or  thick  walls,  had  a  marked  effect  on  the  value  of  the  ( 
of  a  particular  tube.  As  a  matter  of  fact,  it  makes  vei 
difference  so  far  as  accuracv  of  results  is  concerned,  what  t 
of  the  instrument  is  or  what  the  value  of  its  coefficient 

if  we  know  its  value,  for  in  any  case  we  may  write   v  = 

*  Recherches  Jiydravliqius,  entrepriaes  par  M.  II.  Darcy  continueea  p 
Bazin.    Extrait  de^  Memoires  prescnih  par  diners  savants  d  FAeat 
Sciences  de  V Institute  Imperial  de  France,  Paris,  1865,  Vol.  XIX, 
t  See  Vol.  XXII.  Transactions  A.  S.  M.  E.,  page  284 
t  Church's  "  Mechanics  of  Engineering,"  page  752. 
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However  the  value  of  the  coefficient  must  be  known,  in  general, 
by  careful  rating,  which  in  itself  requires  a  large  outlay  of  time 
and  labor  and  also  requires  conditions  which  may  not  be  within 
easy  reach  of  the  engineer. 

5.  All  this  diversity  of  opinion  as  to  whether  the  correct  theo- 
retical formula  was  v  =  V^ffh  or  v  =  Vffh  and  the  conflicting 
values  of  the  coefficients  which  had  been  found,  may  be  summed 
up  in  two  questions — (1)  Which  formula  is  theoretically  correct? 
(2)  Can  a  tube  be  built  which  will  fulfil  these  requirements  and 
$0  not  require  rating  ? 

6.  The  answer  to  these  questions  was  given  by  W.  M.  White  in 
a  paper  before  the  Louisiana  Engineering  Society  in  May,  1901. 
This  p»|)er  was  entitled  "  The  Pitot  Tube ;  Its  Formula."  *  It 
is  a  report  on  experimental  research  of  the  highest  order  and  re- 
fleets  great  credit  on  its  author. 

*.  After  a  brief  description  of  the  different  formulte  that  have 
lieen  used  with  the  Pitot  tube,  a  method  is  given  of  deducing  its 
t^uation.  This  is  followed  by  descriptions  of  experiments  which 
lead  to  the  final  conclusions. 

S.  Mr.  White  first  investigated  the  distribution  of  pressure  in  a 
flat  circular  plate  on  which  a  stream  of  water  was  allowed  to  fall, 
the  plate  having  openings  from  which  the  pressure  of  the  liquid 
alwve  could  be  obtained.  He  found  by  carefully  adjusting  the 
plate  so  that  its  centre  was  exactly  under  the  falling  column  of 
water  that  the  pressure  at  this  point  wag  just  sufficient  to  support 
>  column  of  water  equal  to  the  height  from  which  the  water  had 
fallen,  and  that  the  total  pressure  on  the  plate,  as  obtained  by 
5^mming  the  pressures  of  the  annular  rings  composing  the  plate, 
^^^  approximately  equal  to  twice  the  area  of  the  jet  times  the 
hpi|(ht  through  which  the  water  had  fallen.  These  experiments 
*w  followed  by  others  on  the  impinging  of  a  falling  jet  of  water 
"P^n  nozzles  of  different  forms.  Four  different  nozzles  were 
Q^;  tliey  are  shown  in  Fig.  50. 

^.  Briefly,  he  found  that  after  the  nozzles  were  adjusted  ae- 
<TirateIy  to  the  centre  of  the  falling  stream  of  water,  that  the 
P'^ure  produced  was  capable  of  sustaining  a  column  of  water 
>bo!^t  exactly  equal  to  the  height  of  the  source  of  the  falling 
^ter,  the  very  small  discrepancy  being  due  to  the  friction  of  the 
falling  water  with  the  air.     This  was  true  in  every  case,  showing 

*  "  Journal  of  tbe  Association  of  Engineering  Societies/'  August,  IdOl. 
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that  the  form  of  the  impact  tube  did  not  influence  the 
of  a  Pitot  tube  in  case  the  opening  be  placed  at  the  cei 
surface  of  revolution. 

10.  These  tubes  having  nozzles  A,  B,  C  and  D  of  Fig. 
then  placed  in  front  of  a  catamaran  and  hauled  through  si 
in  an  open  canal,  the  velocity  being  obtained  from  the 
quired  to  pass  over  a  measured  course,  and  the  height  i 
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Fig.  50. 


surface  of  the  water,  to  which  the  liquid  was  forced,  ac 
measured  from  the  surface  of  the  canal.     The  constant 

used  in  the  fonnula  v=  q)  V^gh  as  obtained  from  thes' 
ments  was  1.0053  for  nozzle  D. 

11.  Experiments  were  next  conducted  which  showed  th 
I)ro])(»rly  designed  static  opening  the  constant  of  a  tube 
tically  unity.  The  form  of  static  opening  as  used  by  Mr. 
similar  in  principle  to  that  used  by  Darcy  and  Bazin.  An 
]-incli  gas  pipe  about  fiv(^  inches  long  was  drawn  to  a  poi 
3^-inch  hole  drilled  through  its  sides  about  four  inches  b 
its  pointed  end,  in  a  horizontal  plane.  Careful  calibrations 
having  this  form  of  static  attachment  showed  an  average 
of  unitv  well  within  the  error  of  observation.  Other  tu 
experimented  with,  in  which  there  was  a  suction  action  on 
side ;  this  being  added  to  the  head  du(*  to  impact  made  1 

as  read,  greater  than  the  head  due  to  velocity  or  5-  and^ 

gave  a  coefficient  q)  less  than  unity  in  the  formula  v  =  <p 
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12.  Mr.  White  sums  up  the  results  of  his  researches  as  follows : 

(1)  That  an  impact  tube,  whose  impinging  surface  is  one  of 
revolution,  converts  velocity  head  into  static  head  exactly  accord- 
ing to  the  law  v  =  ^2gh  whatever  the  pressure  of  the  surround- 
ing fluid. 

(2)  That  only  pressure  openings  which  give  the  true  static  head 
of  water  should  be  used  in  connection  mth  the  point  of  a  Pitot 
tube.  That  is  to  say,  that  only  tubes  which  have  unity  as  their 
coeflicient  should  be  used. 

(3)  That  Pitot  tubes  whose  constants  are  unity  in  open  canal 
ratings  will  remain  unity,  whatever  the  pressure  of  the  liquid. 

Mr.  White  had  very  few  experimental  data  to  support  conclu- 
rion  (3). 

13.  A  voluminous  paper  *  of  great  merit  by  Messrs.  Williams, 
IIubl)ell  and  Fenkell  appeared  in  1902,  the  title  is  "  Experiments 
at  Detroit,  Mich.,  on  the  Effect  of  Curvature  Upon  the  Flow  of 
Water  in  Pipes.''  This  paper,  together  with  its  discussion,  is  one 
of  the  most  valuable  contributions  to  the  subject  of  the  Pitot 
tube,  as  all  measurements  of  velocity  were  made  with  various 
fomis  of  that  instrument.  A  large  portion  of  the  work  con- 
>^^\oi  in  the  rating  of  these  tubes  under  various  conditions ;  sev- 
eral different  fonus  of  the  instrument  were  used.  Among  the 
authors'  ftummary  of  results  accomplished  are  the  following : 

.1.  ''  The  invention  of  the  oil  differential  gauge,  by  which  it 
i<^  possible  to  observe  differences  of  head  in  closed  conduits  under 
pressure  with  as  great  a  degree  of  precision  as  is  attainable  in 
open  conduits  with  the  hook-gauge." 

B.  **  The  invention  of  a  form  of  Pitot  tube  which  can  be  in- 
'^rted  in  a  water  main  without  the  aid  of  special  devices,  other 
than  the  tools  possessed  by  every  water  department ;  by  the  aid  of 
^hich  a  competent  observer  may  obtain  gauging  with  as  great  ac- 
curacy as  has  yet  been  attained  with  any  other  measuring  device, 
except  the  graduated  tank  and  weighing  scale." 

f*.  **  The  detennination  of  a  ratio  .84  between  the  mean  and 
niiximum  velocities  of  water  flowing  in  closed  circular  conduits, 
under  normal  conditions,  at  ordinary  velocities;  whereby  observa- 
tions taken  at  the  centre  imder  such  conditions,  with  a  properly 
^ted  Pitot  tube,  may  be  relied  upon  to  give  results  within  3  per 
<^nt.  of  correctness." 


* '*  Trtuuaethns  American  Society  of  Civil  Engineers,"  Vol.  XLVII.,  April, 
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D.  "  The  presentation  of  a  series  of  coefficients  for  applicati 
to  the  different  fluids  used  in  the  fluid-  differential  gauges, 
which  the  observations  so  taken  may  be  conveniently  reduced 
equivalents  in  water." 

E.  "  The  demonstration  of  the  fact  that  ratings  of  Pitot  tub 
made  by  dragging  these  instruments  through  still  water  in  ope 
troughs  do  not  conform,  within  any  reasonable  limits  to  th« 
obtained  ^vhen  the  instrument  is  stationary  in  moving  water  i 
a  closed  conduit." 

F.  "  The  demonstration  that  Pitot  tubes  must  have  their  « 
efficients  d(*termined,  whether  they  consist  of  point  opening  alon 
or  both  point  and  pressure  openings." 

G.  "  The  demonstration  that  under  some  conditions,  in  straigl 
pipe  there  is  a  difference  of  pressure  at  different  points  aroun 
the  circumference  of  the  same  cross-section." 

11.  ''  Th(»  derivation  of  the  ellipse  as  the  approximate  fonn  < 
the  normal  curve  of  velocities  in  straight  circular  pipes." 

14.  As  was  to  be  exj)ected  the  discussion  of  the  paper  brougl 
forth  many  valuable  contributions  on  both  theoretical  and  expei 
mental  sides.  Among  those  w4io  discussed  the  Pitot  tube  are 
be  found  the  names  of  many  of  the  highest  authorities  on  h 
draulics.  The  paper  with  its  complete  discussion  must  be  read 
be  a])preciated ;  only  a  few  points,  which  have  a  direct  beari: 
on  the  subject  in  hand,  will  be  mentioned. 

15.  In  the  final  discussion  of  this  paper  by  its  authors,  afi 
carefully  weighing  the  contributicms  and  criticisms  of  the  varic 
men  who  discussed  it,  wa^  find  the  following : 

^'  The  weir,  the  current  meter,  the  water  meter,  and  the  noz 
are  the  only  other  devices  to  be  compared  with  the  Pitot  to 
and  the  results  obtained  with  the  first  three  are  rarely  if  e 
better  than  those  present(*d  herein,  and  two  of  them  are 
directly  a])plicable  to  the  flow  of  water  in  pipes.  T-he  nozzle  n 
])erha])s  give  somewhat  better  results,  but  it  is  limited  to  compt 
tively  small  i^treams.  It  seems  therefore  that  the  writer's  con( 
sion,  that  the  Pit^)t  tube,  properly  rated  in  the  hands  of  a  skil 
observer,  is  as  accurate  as  any  other  device  for  measuring  watei 
a  closed  ('onduit,  except  ihe  scale  and  tank,  is  fairly  sustained." 

10.  '*  The  writers,  therefore,  believe  that  conclusion  E  is  i 
tained,  and  that  an  instrument  should  lu^  rated  under  conditions 
nearlv  as  mav  be  similar  to  those  imder  which  it  is  to  be  used,  \ 
that  dragging  an  instrument  through  still  water  does  not  confc 
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with  this  condition  when  the  apparatus  is  to  be  used  to  measure 
mnning  water,  either  in  closed  or  open  channels.  In  the  light  of 
present  knowledge,  if  instrument  can  only  be  rated  by  dragging, 
the  writers  would  prefer  the  coefficients  established  by  dragging  in 
opposite  directions  in  running  water  to  those  obtained  by  dragging 
in  still  water." 

17.  "In  view  of  the  data  presented  by  Mr.  White  and  of  the  ex- 
periments of  Messrs.  Saph  and  Schroder,  and  Adams  and  Wilson, 
wherein  instruments  of  certain  forms  were, used  with  ring  piez- 
ometers, as  well  as  the  experiments  of  the  writers  regarding 
obliquity  it  seems  to  be  demonstrated  satisfactorily  that  conclu- 
sion F  was  too  sweeping,  and  the  writers  agree  as  pointed  out 
bv  Mr.  Ferris,  a  proper  form  of  point  opening  will  have  a  coeffi- 

cient  of  unity  by  the  formula  ^^-^g  when  combined  mth  a  ring 

piezometer  under  normal  or  nearly  normal  flow." 

18.  Again  in  discussing  result  G  they  say,  under  head  of 
"Pressure  variation,"  "Conclusion  G,that  the  pressure  in  a  straight 
pipe  is  not  always  the  same  at  all  points  around  the  circumference 
of  the  cross-section,  is  based  first  upon  the  experimental  evidence 
in  the  16-inch  pipe  investigation.  No  discussion  has  been  sub- 
mitted containing  direct  additional  evidence  upon  this  particular 
point.  All  the  Pitot-tube  work  shows  that  the  components  of  vel- 
ocity parallel  to  the  axis  of  the  pipe  vary  from  point  to  point 
throughout  the  cross-section,  and  that  changes  of  that  component 
of  velocity  take  place  at  each  individual  point  under  distorting  in- 
Soences.  If  these  components  represent  or  are  proportional  to, 
the  total  velocity  in  each  part  of  the  fluid,  it  follows  from  the  Law 
of  Conservation  of  Energy,  since  all  the  water  in  the  cross-section 
^as  originally  started  in  its  course  under  the  influence  of  the  same 
li^ad,  that  if  velocity  head  be  increased,  pressure  must  be  de- 
creased, unless  the  elevation  of  the  stream  above  datmn  be  de- 
creased, whether  a  single  particle  or  the  whole  stream  be  con- 
Mtlered,  and  therefore,  that  the  pressure  must  vary  throughout 
^  cross-section,  a  conclusion  which  is  confirmed  by  the  most 
obvious  interpretations  of  a  large  number  of  experiments.  The  ex- 
periments of  Messrs.  Adams  and  Wilson,  and  Saph  and  Schroder, 
M  well  as  some  of  those  of  the  writers,  prove  pretty  conclusively 
^t  a  properly  formed  point  combined  with  a  ring  piezometer 
five*  readi)^  the  summation  of  the  deducted  velocities  of  which 
imount  to  the  true  discharge,  on  the  theory  used  by  the  writers 
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that  h  =  -Q— ,    without  introducing  any  coefficient,  as  has  b 

demonstrated  in  the  case  of  a  jet  and  in  open  channels  by  ] 
Wliite.  This  being  true,  the  acceptance  of  varying  pressi 
throughout  the  cross-section,  which  pressure  varies  inversely 
the  velocity  leads  to  some  complications,  if  one  undertakes 

maintain  that  the  point  eflFect  is  — .    Another  interesting  circu 

stance  is  the  reading  given  by  two  conical  points,  one  receivi 
the  impact  of  a  current  in  a  closed  pipe  and  the  other  direct 
down  stream.     Theoretically  it  might  be  expected  that  the  diff 

ence  between  these  readings  would  be  ^  and  this  alleged  fi 

is  the  basis  of  the  claim  for  a  patent  granted  for  such  derae  soi 
years  ago,  but,  experimentally,  or  practically,  nothing  of  the  ki 
hapi)ens  with  his  apparatus." 

19.  "  Kogarding  the  question  of  the  proper  formula  for  the  Pi 
tube,  the  writers  are  not  vet  entirelv  satisfied,  and  while  fu 
appreciating  Mr.  FrizzelFs  effort  to  clear  the  matter  up,  they ; 
prefer  to  leave  the  question  where  they  left  it  before,  that,  pi 
tically,  it  makes  little  difference  in  the  reduction  of  results  whetl 

a  tube  reading  actually  is  —  or  — .     The  discussion  presented 

Mr.  Seddon  gives  excellent  reason  to  believe  that  there  is  a  la 
account  of  intenial  forces  to  be  balanced  before  the  laws  of  f 
will  be  fully  understood,  and  until  these  forces  have  been  m 
fully  inv(?stigated,  too  rigid  laws  had  best  not  be  laid  down." 

20.  In  the  discussion  of  this  paper  there  is  a  contributioD 
Edward  S.  Cole  in  which  he  describes  a  series  of  independent 
periments  conducted  by  him.  A  device,  which  he  has  name 
Photo-Pitometer,  was  invented  by  him  and  used  to  obtain  a  < 
tinuous  record  of  the  readings  of  a  Pitot  tube,  extending  ov( 
period  of  time.  To  accomplish  this  result  clockwork,  lamp 
photographic  paper  were  used.  For  descriptiana  see  orig 
paper.* 

21.  It  appeared  that  the  oil  differential  gauge  had  been  invei 
and  used  by  independent  investigators  in  at  least  five  diffe 
localities  and  that  in  one  case  had  it  been  patented. 

22.  In  quoting  from  an  extensive  work  like  the  one  just 

*  Vol.  XL VII.  Tran9aciioii9  American  Society  of  Civil  EDgineais,  April, 
page  275. 
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ferred  to,  there  is  some  danger  of  conveying  a  wrong  impression 
bv  merely  giving  those  parts  to  which  it  is  desired  to  direct  atten- 
tion The  writer  wishes  to  disclaim  any  such  intention  and  to  state 
that  the  particular  parts  quoted  have  been  selected  because  they 
have  a  direct  bearing  on  the  theory  and  use  of  the  Pitot  tube 
and  are  along  the  lines  on  which  it  is  wished  to  discuss  some  fur- 
ther results  which  possibly  throw  additional  light  on  the  subject. 

23.  During  the  fall  and  winter  of  1902  the  writer  was  consult- 
ing engineer  in  a  series  of  tests  of  the  Hydraulic  Dredges  of  the 
Mississippi  River  Commission. 

24.  By  means  of  these  dredges  a  navigable  channel  is  main- 
tained in  the  river  during  low  water.  Large  centrifugal  pumps, 
driven  hy  direct  connected  steam  engines  and  capable  of  maintain- 
ing a  mean  velocity  of  from  15  to  22  feet  per  second'^^n  the  dis- 
charge pi})es,  are  used  as  dredge  pumps. 

25.  The  series  of  tests,  which  extended  over  several  months,  in- 
cluded efficiency  tests  of  boilers,  engines  and  dredge  pumps^besides 
\^U  of  accessory  machinery  such  as  ^^  jet  pumps  "  used  to  loosen 
the  material  to  be  removed  in  dredging.  Some  of  these  ^^  jet 
|»umj>s "  were  of  the  reciprocating  steam  pump  type  while  others 
were  centrifugal  pumps  driven  by  direct  connected  engines. 

26.  A  complete  re])ort  in  detail  of  these  tests  can  be  found  in 
tile  Ue|H)rt  of  the  ('hief  of  Engineers  of  the  U.  S.  Army  for  1903. 
It  Lh  in  th(»  report  of  F.  B.  Maltby,  U.  S.  Assistant  Engineer, 
Member  of  the  American  Society  of  Civil  Engineers,  Superin- 
t'udont  of  Dredging  Operations  for  the  Mississippi  River  Com- 
mission, and  forms  a  part  of  the  report  of  Captain  W.  B.  Ladue, 
^'oqwof  Engineers  of  the  U.  S.  Army,  Secretary  of  the  Mississippi 
'fiver  t'oniniission. 

27.  The  general  method  of  these  tests  was  outlined  by  the 
writer  who  was  present  while  some  of  them  were  made.  The  de- 
tails were  worked  out  and  the  tests  conducted  by  Mr.  Maltby,  who 
•leser\'es  much  credit  for  a  work  of  great  magnitude  in  which 
!»um»s8  was  attained  only  by  untiring  labor  and  caref-ul  attention 
t'»  details. 

2h.  The  results  are  all  of  great  interest,  however.  In  the  dis- 
'•ussiou  which  follows  reference  will  only  be  made  to  those  parts 
^'f  the  work  which  have  a  direct  bearing  on  the  subject  in  hand, 
vix.:the  Pitot  tube. 

21*.  The  problem  of  measuring  the  mean  velocity  of  the  water 
^n  the  diM*harge  pipes  was  of  prime  importance  as  the  amount  of 
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water  pumped  and  the  efficiencies  of  pumps  both  depended 
the  accuracy  of  measuring  this  velocity.  The  quantity  of  nw 
in  some  cases  exceeded  120  cubic  feet  per  second.  The  diame 
of  discharge  pipes  were  approximately  32  inches  in  some  Cft 
and  34  inches  in  others.  Seven  dredges  were  tested;  the  metb 
used  must  bo  applicable  to  all.  Had  a  weir  been  used  it  w<h 
have  been  available  for  only  a  short  time,  owing  to  a  rapi( 
rising  river.  A  Venturi  Meter  would  have  introduced  a  resistai 
in  the  discharge  pipe,  and  rendered  the  conditions  quite  diasimi 
to  those  of  ordinary  running,  which  were  desired  for  these  te 
The  velocity  to  be  measured  at  the  centre  of  the  pipe  was  in  so 
cases  as  great  as  25  feet  per  second.  The  loss  of  head  at 
throat  of  a  Venturi  Meter,  while  small  at  low  velocities,  wo 
be  enormous  at  the  velocities  used  even  if  a  meter  considers 
larger  than  the  size  of  pipe  were  used. 

30.  A  measuring  barge  into  which  the  water  could  be  deflec 
for  a  brief  interval  of  time,  and  measured,  had  been  used  in  t 
ing  these  dredges  in  1897.  A  complicated  mechanism  was 
quired  to  deflect  the  stream  of  water  and  the  short  interval 
which  the  discharge  was  measured,  together  with  the  uncertai 
of  getting  the  time  exactly  were  the  objections  to  this  scheme. 

31.  All  these  methods,  besides  being  expensive,  are  difficnl 
apply,  partly  because  the  discharge  pipes  of  some  dredges 
half  submerged  in  the  river,  the  pontoons  being  so  de;signc 
while  in  other  cases  the  pontoons  support  the  pipes  30  in 
above  the  water. 

32.  The  Pitot  tube  method  was  recommended  and  used  ai 
is  believed  that  the  results  obtained  are  as  accurate  as  coul< 
had  by  any  of  the  other  methods  suggested;  besides  ease  ol 
plication,  cheapness,  and  the  fact  that  the  pumps  could  be  U 
under  conditions  exactly  similar  to  ordinary  running,  are  a 
favor  of  this  method.  The  tubes  used  were  designed  by 
Maltby,  they  were  made  in  the  machine  shops  aboard  the  dre 
as  were  the  gauges  which  were  used  in  connection  with  t 
Nine  tubes  were  constructed,  but  all  except  Nos.  1,  3,  8  a: 
were  discarded  because  of  apparent  defects. 

Description  of  Pitot  Tubes. 

33.  Tube  Xo.  1  consists  of  two  pieces  of  J-inch  brass  tubing 
closed  in  a  pipe  lA  inches  outside  diameter.     One  of  the  i 
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brass  tubes  is  bent  at  the  end  below  the  end  of  the  outside  en- 
dosing  pipe,  through  90  degrees  and  the  plane  of  the  opening 
made  truly  parallel  with  the  upright  pipe  to  form  the  impact 
opening.    The  other  brass  tube  is  brazed  to  a  solid  brass  piece, 
cipcular  in  section  and  placed  at  right  angles  to  the  tube,  the 
upstream  end  has  a  sharp  point  which  is  even  with  the  opening 
of  the  impact  tube  and  below  it;  it  has  a  iV-iiich  hole  drilled  on 
each  side  connecting  with  the  interior  of  the  upright  tube,  and 
forms  the  static  opening:  ordinary  ^-inch  air  cocks  form  the 
upper  side  of  these  tubes;  :J-inch  rubber  tubing  about  4  feet 
long  is  used  to  connect  these  air  cocks  to  the  gauges. 
.  34.  Lead  or  cement  is  used  to  hold  the  small  tubes  in  place  in 
the  outer  tube.    A  stuflSng  box  was  used  through  which  the  outside 
tube  slides ;  it  is  screwed  into  a  hole  tapped  in  the  top  of  the  pipe 
with  a  IJ-inch  standard  pipe  tap.    A  handle  at  the  top  of  the  tube 
carefully  set  at  right  angles  to  the  plane  of  the  impact  opening 
was  used  to  move  the  tube  vertically  from  top  to  bottom  of  the 
pipe  in  traversing  and  enables  the  tube  to  be  kept  in  alignment 
with  the  axis  of  the  pipe. 

35.  Tube  No.  3  is  similar  to  No.  1,  with  the  exception  that  the 
impact  point  is  below  the  static  point. 

36.  Tube  Xo.  8,  and  in  fact  all  the  different  tubes  have  the  same 
!^ize  vertical  outside  pipe  to  permit  the  use  of  the  same  stuflSng 
Iwxes.  At  its  lower  end  it  is  joined  at  right  angles  to  a  1-inch 
pipe  about  18  inches  long,  drawn  down  to  a  point  of  the  proper 
w  to  admit  a  ^-inch  brass  tube  which  is  brazed  fast  into  it  form- 
ing the  impact  opening.  The  small  tube  runs  inside  the  larger 
pipe  to  the  top,  where  it  terminates  in  a  J-inch  air  cock.  The 
horizontal  pipe  has  three  iV-ii^ch  holes  drilled  in  its  side,  form- 
ing the  static  openings;  the  interior  of  the  pipe  is  connected 
through  the  upright  and  one  handle  to  a  ;J-inch  air  cock. 

37.  Tube  Xo.  9  was  made  as  nearly  like  Xo.  8  as  could  be  done 
hy  a  skilled  mechanic. 

It  was  very  soon  apparent  that  the  tubes  Xos.  1  and  3  did 
not  have  a  constant  ^of  unity  in  the  formula  v  =  q)  V2ffhi 

38.  It  was  believed  that  tubes  Xo.  8  and  9  would  give  a  value 
"f  unity,  but  to  prove  this  point  was  another  matter.  It  has  been 
•hown  conclusively  by  Mr.  White  that  an  impact  point  similar  to 
^hat  of  tubes  Xos.  8  and  9  would  register  the  level  correspond- 

ng  to  a  given  vel(yity  according  to  the  law  A  =  ^  when  the 
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tube  was  dragged  through  still  water  in  an  open  canaL  MessTB. 
Williams,  Ilubbell  and  Fenkell,  as  we  have  seen,  agree  tliat  t 
"  point  combined  with  a  ring  piezometer  gives  readings,  the  sum- 
mation of  the  deduced  velocities  of  which  amount  to  the  trne 

discharge  "  on  the  theory  used  by  them  "  that  ^  =  s^  withoDt 

introducing  a  coefficient.  If  then  it  can  be  shown  that  these 
tubes  when  calibrated  in  running  water  in  an  open  channel  give  a 
constant  (p  of  unity  in  the  fonnula  v  =  q^^i^h  and  also  shown 
that  the  static  readings  of  the  tubes  correspond  to  the  readings 
of  the  ring  piezometer,  it  would  seem  that  the  question  of  tlw 
value  of  the  constant  mav  be  settled  in  this  wav.  Furthermon 
it  has  been  claimed  that  the  constant  of  a  tube  rated  in  an  opei 
channel  is  different  from  that  obtained  by  rating  in  a  closed  eon 
duit  under  pressure.  If  this  is  true,  tubes  Nos.  8  and  9  beinj 
exactly  alike  and  having  the  same  constant  when  used  simultanc 
ously  to  trav(n*se  two  sections  of  a  discharge  pipe  at  differen 
points  where  the  mean  velocity  of  the  water  is  necessarily  th 
same,  but  the  static  pressure  very  different  will  show  decide 
differenc(»s  in  their  traverse  and  in  the  consequent  mean  velocitj 
We  shall  see  what  was  obtained  by  the  experiments. 

8J).  Tube  Xo.  0  was  rat(*d  in  running  water  having  a  velocity  c 
about  J^  feet  i>er  second  by  com])aring  it  with  floats;  about  8 
floats  were  run  and  000  observations  made. 

40.  The  tube  was  suspended  in  the  Mississippi  River  with  tl 
])oint  about  12  inches  below  the  surface,  facing  the  current  i^ 
invert(»d  IJ-tube  of  glass  Avas  used,  the  air  being  partially  e 
hausted  from  the  top  to  bring  the  w-ater  surfaces  to  a  convenie 
height  for  reading. 

41.  The  floats  were  24  inches  long;  the  time  was  observed 
])assing  over  a  course  40  feet  long,  the  tul>e  being  placed  abc 
one-third  the  distance  from  the  upper  end  of  the  course. 

42.  In  the  table  which  follows  the  velocity  by  floats  is  in  ea 
case  the  mean  of  ten  observatons,  and  that  given  for  the  Pi 
tube  is  the  mean  of  about  75  observations: 

No.  Velocity  of  Floats.  Velocitj  by  Tnbe. 

1 3.316  8.420 

2 3.284  8.279 

3 8.517  8.898 

4 3.419  8.858 

5 3.405  8.503 

6 8.212  8.828 

7 8.862  i  8.854 

8 3.332  8.218 

Means 3.356  8.844 
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The  means  show  a  coefficient  of  unity  within  about  one-third 
of  1  per  cent. 

43.  Tnbea  8  and  9  were  placed  in  the  game  discharge  pipe  50 
feetapirt,  and  three  sets  of  observations  made;  the  tubes  were 
ihen  changed  about  and  three  sets  of  observations  taken  again, 
Tith  the  following  results.    Each  set  is  the  mean  of  tea  readings. 


VclocItT  \>T  TBb«  »o.  a. 
as.  87 

u.t« 

sa.77 

25. M  """ 

30.87 


VelDcltjbf  Tub« 
24.50 
2S  flO 
20.14 

""■  25.19 
34.84 
26.08 


The  means  agree  within  about  eight-tentha  of  1  per  cent. 
a.  To  test  the  accuracy  of  velocity  measurements  by  these  two 
tubes  anil  determine  whether  or  not  tliey  were  affected  by  static 
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pwssnre,  tube  8  was  placed  in  the  discharge  pipe  of  the  second 
pontoon  of  the  U.  S.  Dredge  Epalon,  where  the  average  static 
prewure  was  19.78  feet  of  water,  and  tube  No.  9  was  placed  in 
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the  ninth  pontoon,  350  feet  from  tube  No.  8,  and  where  the 
average  pressure  was  4.12  feet  of  water.  Traverses  were  made 
by  taking  observations  simultaneously  at  different  points  acroa 
the  pipe.  The  mean  velocity  determined  by  tube  No.  8  from  170 
observations,  was  22.321  feet  per  second,  while  that  determined 
by  tube  No.  9  was  22.351  feet  per  second,  a  difference  of  one- 
tenth  of  1  per  cent.  The  mean  velocity  was  obtained  from  the 
traverses  in  a  vertical  plane,  by  dividing  the  area  of  the  pipe  into 
ten  equal  areas  the  boundaries  of  these  areas  being  circles  con- 
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centric  with  the  axis  of  the  pipe;  the  average  of  the  velocitiefl 
found  in  these  ten  areas  was  used  as  the  mean  velocity  for  the 
whole  cross-section. 

45.  A  plotting  of  the  traverse  referred  to  is  shown  in  Fig.  51. 
A  comparison  was  made  of  the  static  pressure  indicated  by  tube 

Xo.  0  with  that  obtained  by  means  of  piezometers  in  the  sides  of 
a  32-inch  pipe  in  the  following  manner : 

46.  Four  :J-inch  cooks  were  placed  in  the  sides  of  the  pipe  as  in- 
dicated in  Fig.  52  at  the  points  of  a,  6,  d  and  e.  Great  care  was 
taken  to  have  th(»  axis  of  these  cocks  exactlv  normal  to  the  axis 
of  the  pipe;  th(ur  ends  projected  inside  the  pipe  slightly,  and  after 
being  screwed  into  place  these  ends  were  filed  off  carefully  to 
present  a  perfectly  smooth  surface,  flush  with  the  inside  of  the 
pipe.     When  each  of  the  piezometers  was  connected  in  turn  with 
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ch  other  through  a  differential  gauge  no  difference  in  pressure 
>nld  be  observed.  Tube  No,  9  was  then  inserted  into  the  same 
^rtical  section  as  the  piezometers,  the  point  of  the  tube  being 
,  the  centre  of  the  pipe.  The  static  side  being  connected  suc- 
wively  with  each  piezometer,  through  a  differential  gauge,  no 
iStfrences  of4)re9sure  could  be  observed.  The  pressure  of  the 
lor  piezometers  and  the  static  side  of  the  tube  was  exactly  the 
luie. 
47.  In  Fig.  53  are  shown  four  traverses  of  the  discharge  pipe  of 
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•r.  R.  Dredge  Kiwilon;  the  velocity  curves  and  the  static  press- 
'  Iff  fjivpn.  The  static  pressures  are  the  actual  pressures  at 
'  jmints  of  observation;  it  will  be  seen  that  they  are  greater 
the  bottom  than  at  the  top  of  the  pipe  by  the  amount  of  the 
lie  pressure  due  to  a  head  equal  to  the  diameter  of  the  pipe, 
i'pilaritips  arc  no  doubt  due,  in  part,  to  the  practical  impos- 
lity  of  keeping  steam  pressure  and  consequently  the  revolu- 
B  of  the  engines  and  pumps  absolutely  constant.  Each  point 
led  13  in  general  the  average  of  ten  readings,  considerable 
>  being  required  to  complete  a  traverse,  as  much  as  an  hour  in 
ecaacR. 
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48.  These  readings  were  obtained  by  using  two  ordinary  U- 
gauges  and  observing  impact  and  static  pressures  separately.  The 
work  required  by  this  method  is  much  greater  than  when  a  differ 
ential  gauge  is  used  and  the  difference  of  level  of  the  mercury  col 
umns  only  is  taken.  The  latter  gives  readings  from  which  velocit] 
can  be  computed,  but  does  not  show  the  way  in  which  the  pressurt 
is  distributed  across  the  pipe.  In  case  separate  static  and  impac 
readings  are  desired,  two  U-gauges  must  be  used,  and  while  on* 
side  of  the  mercury  column  in  the  U-tube  is  open  to  the  atmos 
phere,  the  side  connected  to  the  tube  has  a  solid  column  of  wate 
resting  on  it.  Great  care  has  to  be  exercised  to  expel  all  air,  an 
to  be  sure  that  the  water  column  is  solid  before  readings  are  takei 
Knowing  all  the  dimensions  of  gauges,  and  consequently  th 
relative  heiglit  of  the  mercury  columns,  with  reference  to  th 
]>oint  being  investigated,  the  absolute  pressure  of  that  point 
easily  computed.  With  the  differential  gauge,  when  velocity  on] 
is  wanted,  the  two  ends  of  a  U-tube  containing  mercury  are  co" 
nected  to  the  impact  and  static  openings  of  the  tube.  Care  ma 
also  be  exercised  in  getting  solid  columns  of  water  on  both  aid* 
in  this  case  before  reading ;  the  true  difference  of  pressure  in  th 
case,  is  that  due  to  the  differences  of  level  of  the  mercury,  dimi 
islied  by  a  pressure  due  to  an  equal  height  of  water. 

40.  After  the  ratio  of  velocity  at  the  centre  of  the  pipe,  to  me^ 
velocity,  had  been  determined  by  repeated  traverses,  observatio 
were  taken  at  the  center  only,  while  testing  the  main  pumps.  T- 
value  of  this  contstant  varied  somewhat,  due  to  local  conditio 
at  the  points  where  traverses  were  made. 

50.  Referring  again  to  Fig.  53  a  semi-ellipse  has  been  dra« 
using  dotted  lines;  it  will  be  seen  that  it  represents  a  fairly  go 
average  of  tlic  observed  velocities ;  this  is  more  apparent  when 
larger  number  of  traverses  are  plotted. 

51.  It  is  seen  from  these  results  that  the  static  pressure  doesi 
vary  across  the  section  of  a  straight  pipe  in  which  there  are  gw 
differences  of  velocity  parallel  to  the  axis  of  the  pipe,  except 
affected  by  gravity.  This  shows  conclusively  that  the  sum 
static  and  velocity  heads  for  various  points  in  the  same  ere 
section  of  a  straight  pipe,  is  not  a  constant  quantity  if  we  und 
stand  by  velocity  head,  that  due  to  the  velocity  parallel  to  1 
axis  of  the  pipe.  This  ought  not  to  destroy  our  belief  in  ' 
Law  of  the  Conservation  of  Energj\  All  the  energy  posses 
by  a  particle  of  water  at  any  point  of  the  cross-section  of  a  straij 
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pipe  is  cither  energy  or  position,  pressure  or  motion.  Since  di6 
pressure  energy  is  constant  across  a  given  section  and  the  energy 
of  motion  parallel  to  the  axis  of  the  pipe  varies,  it  follows  thit 
there  must  be  energy  of  motion  other  than  this.  XJnfortonately 
we  have  no  way  of  measuring  the  velocity  of  the  whirl  of  the 
j)articles  of  water  at  various  points  in  the  cross-section.  If  thu 
could  be  done,  undoubtedly  it  would  be  found  that  the  energy 
due  to  velocity  of  whirl  is  greatest  at  the  walls  and  least  at  the 
centre  of  tlie  pipe,  and  that  the  energy  possessed  by  a  particle  oi 
fluid  at  one  point  in  the  cross-section  is  equal  to  that  possessed  by 
any  other  particle  in  the  same  section. 

52.  It  is  impossible  to  convert  this  energy  due  to  velocity  of 
whirl  into  useful  work ;  of  course  it  is  finally  converted  into  heat 

Tul)0  Xos.  1  and  3  were  used  in  important  tests;  they  were 
rated  by  comparing  with  tube  No.  8  by  placing  them  in  the  same 
discharge  pi})e  50  feet  apart;  three  sets  of  observations  of  ten 
each  were  taken,  then  the  positions  of  the  tubes  reversed  and  three 
more  sets  taken.  The  coofiicients  of  tube  No.  1  was  found  to  be 
.030  and  of  tube  No.  3  .8915.  These  values  were  used  in  reduc- 
ing observations  taken  by  these  tubes. 

53.  The  (mt  shows  the  discarded  tubes. 

Tube  No.  2  had  an  impact  oi)ening  similar  to  tubes  1  and  3. 
The  static  opening  was  a  vertical  brass  tube,  with  lower  end  cut 
off  squarely,  the  axis  of  the  tube  being  at  right  angles  to  the 
current  measured.  This  tube  gave  the  greatest  amount  of  suction 
at  the  static  opening,  found  in  any  of  the  tubes.  The  suction 
was  so  great  that  when  the  impact  side  was  made  to  face  down 
sfreaiii  the  reading  of  the  impact  side  was  still  greater  than  that 
of  the  static  side. 

Tube  No.  4  was  tube  No.  2  with  the  lower  end  of  the  static 
tube  ])lugged  up  and  with  openings  on  the  side. 

I'ube  No.  5  had  iiii})act  and  pressure  points  sunilar,  but  point- 
ing in  o])])osite  directions. 

Tul)c  No.  G  was  very  similar  to  tube  No.  1,  except  that  large 
tubes  were  us(m1,  the  impact  being  filled  with  a  plug  having  a  hole 
-J-incli  in  diameter. 

54.  No  rating  was  made  to  determine  the  coefficient  of  these 
tubes,  except  No.  0,  as  a  search  was  being  made  for  a  tube  having 
a  coefficient  of  unity,  and  it  was  soon  evident  that  this  was  not  the 
case  with  any  tul)(^<,  exce]>t  Nos.  8  and  0. 

55.  The  use  of  the  Pitot  tube  is  bv  no  means  confined  to  lueas- 
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I  velocity  of  water  and  liquids,  but  has  been  used  to  meas- 
elocity  of  air  and  gases.  Professor  Carpenter  in  his  work 
*  Heating  and  Ventilating  Buildings,"  page  41,  describes 
)  be  used  to  measure  the  velocity  of  air.  In  the  same 
page  45,  reference  is  made  to  the  Prussian  Mining  Com- 
rhich,  in  1884,  by  means  of  a  large  gasholder  which  con- 
),000  cubic  feet,  investigated  several  questions  relating 
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loasureinenta  of  the  velocity  of  air.  To  the  question: 
le  Pitot  tube  be  applied  practically  for  measuring  the 
f  air,  and,  if  so,  what  formula  should  be  used  for  calcu- 
e  Hi>ood  and  quantity  of  air?  "  and  affirmative  answer  is 
(I  a  formula  to  bo  used. 

lie  instniment  has  also  been  used  to  measure  velocities  of 
series  of  tests  of  the  greatest  refinement  conducted  by 
W.  Taylor,  U.  S.  N.,  at  the  Experimental  Model  Basin, 
Cton  Xavy  Yard.  Captain  Taylor  used  several  tubes  in 
*  cross-section  so  arranged  that  the  mean  velocity  was  the 
ical  mean  of  the  several  velocities  given  by  the  tubes. 
itot  tubes  were  adopted  for  these  tests  after  extensive  ex- 
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pennants  with  anometers.  Static  and  impact  pressures  were  ob- 
tained separately  by  means  of  instruments  of  great  precision. 
The  form  of  tube  used  is  shown  in  Fig.  56  which  gives  a  section 
through  the  centre  of  the  tube.  The  static  openings  consist  of 
two  slots  on  opposite  sides  of  the  tube ;  one  of  these  is  shown  in 
the  cut.  It  was  assumed  that  the  constant  ^,  for  this  tube,  is  unity 

in  the  formula  v  =  fp^%gh. 

58.  An  account  of  this  work  will  be  published  in  the  near 
future  by  Captain  Taylor. 

59.  The  three  final  conclusions  of  Mr.  White,  in  the  discussion 
of  his  papor  were : 

(1)  "That  an  impact  tube,  whose  impinging  surface  is  one  of 
revolution,  converts  velocity  head  into  static  head  exactly  accord- 
ing to  the  law  v  =  \/2^A,  whatever  the  pressure  of  the  surround- 
ing fluid." 

(2)  "That  only  pressure  openings  which  give  the  true  static 
head  of  water  should  be  used  in  connection  with  the  point  of  a 
Pitot  tube.  That  is  to  say,  that  only  tubes  which  have  unity  as 
their  coefficient  should  be  used." 

(3)  '*'  That  Pitot  tubes  whose  constants  are  unity  in  open  canal 
ratings  will  remain  unity,  whatever  the  pressure  of  the  liquid." 

t)0.  Experimental  data  confirming  the  first  have  been  given. 
The  second  is  obvious  on  the  basis  of  economy  and  general 
desirability. 

The  third  has  been  confirmed  by  the  experiments  with  tubes 
Xos.  8  and  9. 

HI.  Kinallv,  the  writer  believes  that  the  Pitot  tube  is  an  instru- 
merit  by  means  of  which  fluid  measurements,  whether  of  liquids  or 
pu^s,  may  be  made  with  as  great  accuracy  as  with  any  of  the 
ordinary  devices  used.     It  is  inexpensive  and  easy  of  application 
—is  capable  of  being  used  for  both  high  and  low  velocities,  and 
mav  Ik)  used  to  measure  velocity  of  flow  in  pipes  without  mate- 
rially changing  the  normal  condition  of  flow;  furthermore,  it  is 
cspcially  suited  to  many  cases  where  other  devices  would  be  im- 
j»o8j<il)le  of  api)lication.     If  properly  constructed  it  requires  no 
rating. 

^il.  These  facts  should  make  the  Pitot  tube  a  popular  instru- 
nent  with  engineers  who  have  tests  to  conduct  of  pumps,  turbines 
md  blowers.  To  those  interested  in  the  complicated  problems  of 
miraulics  this  instrument  offers  advantages  not  possessed  by  any 
ther  device. 
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The  Pitot  Tube  velocity  instrument  is  one  so  exact,  so  ample, 
80  inexpensive,  and  yet  so  easy  of  application,  that  too  much  can- 
not be  said  in  its  favor.  Mr.  Gregory's  paper  as  well  as  several 
others,  in  which  the  Pitot  Tube  plays  an  important  part,  indicate 
that  the  excellent  qualities  of  that  instrument  are  at  last  being 
generally  recognized.  It  is  probably  the  most  nearly  perfect 
instrument  yet  discovered  for  the  measurement  of  velocities  of 
fluids  and  it  is  equally  applicable  to  both  gases  and  liquids.  It 
applies  to  licpiids  in  open  channels,  or  to  all  fluids  from  orifices 
or  through  conduits,  at  low  or  high  pressures,  and  gives  results 
with  remarkable  precision.  Thus  there  is  no  necessity  for  tedi 
ous  calibration  or  for  the  use  of  complicated  coeflicients.  It 
simple  construction  admits  of  its  being  made  of  glass  tubing  an* 
rubber  hose. 

Being  thrown  by  these  reflections  into  a  reminiscent  mood,  th 

writer  recalls  that  in  1873  he  conducted  a  series  of  experiment 

with  the  Pitot  Tube  instrument  to  measure  the  velocity  of  flo 

of  air  issuing  from  an  orifice,  and  to  determine  the  dimensioi 

of  the  jet.     Those  tests  may  be  of  some  interest  because  th^ 

arc  believed  to  have  been  th(^  first  applications  of  the  instrume: 

in  (]uestion  to  the  flow  of  gases.     (See  Van  Nostrand's  "Engi 

coring  Magazine,"  1880,  page  J)l.)     The  instrument  used  at  th 

time  wjis  made  from  glass  drawn  down  to  a  fine  tube  end  for  tl 

Pitot  tip,  and  so  arranged  that  it  could  be  moved  from  side 

side  or  lengthwise  of  the  jet.     Thus  the  precise  form  of  the  lo 

gitudinal  or  cross  section  of  the  jet,  and  its  velocity  at  ai 

point,  were  studied.     (See  Van  Xostrand's  Magazine,  as  above 

It  was  shown  at  that  tim(»  that  if  the  tip  of  the  instrument  w 

placed  througli  the  orifice  to  tlu*  inside  of  the  tank  and  th 

withdrawn  along  the  niiddh^  of  the  jet  that  the  pressure  shoi 

bv  the  instrument  was  alwavs  the  same  till  the  vena  control 
t.'  t 

was  passed;  thus  illustrating  the  fact  that,  as  the  internal  pr 
sure  of  a  ]>article  of  fluid  at  tlie  tip  diminishes,  the  stored  ener 
increases,  and  that,  as  the  potential  energy  due  to  pressure  fal 
the  actual  energy  due  to  motion  rises,  the  sum  being  consta 
These  experiments  also  showed  that  the  Pitot  Tube  "  vnll  exac 
indicate  the  pressure  or  head  due  to  velocity  when  the  stati 
pressure  is  eliminated  as  is  done  in  the  double  tip."     (See  ill 
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trated  test  and  proof  in  Van  Nostrand's  ^'  Engineering  Mag- 
azine "for  1886,  page  94,  figure  5.) 

Although  the  writer  made  occasional  use  of  the  Pitot  Tube 
instrument  at  other  times  both  in  the  flow  of  gases  from  gas 
wells  and  water  (as  in  1877,  the  flow  of  the  Sangamon  Eiver 
described  in  "  Van  Xostrand's  Magazine,''  of  1878,  page  258, 
and  in  1893,  the  Flow  of  Water  from  the  Castalia  Springs  in 
Ohio),  yet  his  most  important  experiments  were  made  in  1885, 
when  he  was  called  upon  by  tlie  State  Geologist  of  Ohio  to 
devise  a  system  for  measuring  the  flow  of  gas  wells,  then  being 
drilled  in  considerable  numbers  in  that  State.  (See  Van  Nos- 
trand's  **  Engineering  Magazine,"  Volume  35,  page  89,  and  also 
"Geological  Sun-ey  of  Ohio,"  Vol.  6  for  1888,  page  548.)  In 
working  on  this  matter  a  careful  series  of  tests  was  made  in  the 
laboratories  of  the  Ohio  State  University,  with  which  institution 
he  was  then  connected.  In  these  tests  both  single  and  double 
tips  were  used  in  connection  with  a  receiver  from  which  air  issued 
from  different-sized  openings.  As  in  the  air-tests  of  1873,  the 
pressures  were  studied  with  tii)s  within  the  receiver  and  at  a  dis- 
tance of  from  one  to  two  diameters  outside  of  the  orifices,  as 
^ell  as  at  intermediate  points.  It  was  then  concluded  that  the 
I^itot  Tube  Instrument  is  a  thoroughly  reliable  one  for  deter- 
mining the  pressure  or  dynamic  head  to  which  the  velocity  is 
^ne,  and  that  the  original  notions  of  Pitot  were  correct,  including 
that  of  the  value  of  the  coefficient  of  correction  being  unity,  a 
I><>int  that  all  investigators  have  accepted  as  true,  certainly  after 
niaking  a  few  exj)eriments.  Indeed  it  is  wonderful  how  the 
I'nnplest  Pitot  Tube  Instrument  will  produce  perfectly  accurate 
re5«ult8.  This  simplest  of  instruments  is  easily  made  with  care, 
tlie  essentials  being  all  confined  to  the  very  tip  ends.  That  is :  a 
^HJ  Pitot  tip  is  preferably  of  cylindric  form  for  some  distance 
wck  from  the  tip  end,  and  preferably  reamed  out  to  a  sharp 
^  all  around,  the  latter  being  scjuare  with  the  cylindric  body 
^f  the  tip  end.  It  is  best  a  body  of  revolution,  six  to  ten  times 
»» long  as  its  diameter.  Applied  to  a  long  pipe  with  a  running 
fluid  Mithiii,  a  second  tip  is  preferably  introduced,  which  tip 
m«y  be  fonned  like  the  other  except  to  jdug  up  the  forward  end 
hemispherically  and  cut  a  hole  directly  through  square,  and  at 
•bout  half  the  length.  Otherwise,  though  the  two  tips  as  above 
•fe  the  most  reliable,  a  double  tip  may  be  employed  as  shown 
Jnacut  in  the  report  of  the  Geological  Survey  of  Ohio  for  1890, 
l'^  281. 
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Another  interesting  point  brought  out  in  theae  experii 
that  relating  to  the  temperatures  of  gases.  From  th( 
grounds  it  might  be  expected  that  in  the  impact  of  gases 
the  oijcn  end  of  a  tube  the  temperature  and  density  vp 
restored  to  that  of  the  receiver  as  well  as  the  pressur 
iiivestigatinfT  this  matter  an  "  encased  thermometer  "  t. 
(See  out  in  Van  Xostrand's  "  Engineering  Magazine,"  ' 
page  lUO.)  'J'liis  thermometer  when  properly  exposed  to 
would  retain  a  constant  temperature  equal  for  friction 
fiees  to  tliat  of  the  receiver,  while  a  naked  thermometer  a 
exposed  would  drop  from  twenty  to  twenty-five  degrees 
due  ti>  expansion  and  partly  due  to  the  impact  against  t 
inometer. 

So  finally  it  was  concluded  that  "'  when  a  fluid  flows 
higher  to  a  lower  pressure  through  a  frictionless  orifice, 
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tion  caught  in  a  ciip  month  will  be  restored  to  its  original  con- 
dition as  to  pressure,  temperature  and  density."  This  truth 
follows  from  the  fact  that  in  gases  p.v.t.  =  a  constant. 

Having  decided  to  adopt  the  Pitot  Tube  Instrument  for  the 
measurement  of  gas  wells,  the  writer  designed  and  patented  in 
1892  the  two  instruments  shown  in  the  accompanying  cuts  taken 
from  the  pamphlet  sent  out  with  the  instrument  (one  for  per- 
manent installation,  and  one  for  changing  from  place  to  place, 
as  in  expert  work),  and  brought  out  formulas  and  tables  for  their 
use  in  open  wells  or  in  pipe  linos  under  great  ranges  of  pres- 
sures. These  instruments  and  tables  have  since  come  into  very 
general  use  and  the  results  from  them  are  very  confidently 
accepted.  That  this  confidence  is  not  misplaced  may  be  seen 
from  the  following  table  of  Pitot  Meter  results,  which  when  com- 
pared with  other  meter  results  show  very  close  agreements. 

Table  op  Resulth  op  Natural  Gab  Pitot  Tube  Meter  Measurements 
Compared  with  Various  Simultaneous  Other  Meter  Measurements. 


DiMDetff  of 
PIpeUne. 
to  inchef. 


6 
8 
6 
6 
6 
6 
6 
8 
8 
6 
3 
8 
8 


10 

10 

10 

10 

10 

10 

10 

10* 

10 


Gage  Pressure  in  IMpe  Line. 


18. C  ounces. 
10.4       *•      . 

9.2      •'     . 

9.2      ••      . 

7  poands  . . 

7       •'       .. 

7 

19.2  oances 
19.2      "     . 
19.2      *•      . 

8.8      "     . 

7.0      "      . 
13.8      ••     . 


Means. 


11.5  pounds 

12.2  " 

18.3  ** 
24.5 
20.5 
28.0 
16.2 
21.0 
87.0 


«< 
<< 


Cubic  Fbet  pkr  Hour. 


By  Pitot  Tube. 


12,005 
4.025 
15.848 
15.886 
29,702 
84,590 
29,460 
20,611 
19,175 
17,738 
8,924 
13,825 
12,797 


17,578 


By  Gas  Meter. 


11,970 
4.480 
14.933 
14,938 
28.900 
88.000 
82.082 
20,980 
19.063 
17,990 
4.807 
12.720 
12.810 


159,100 

142.550 

150,000 

140.200 

163,700 

162,950 

244,000 

247.000 

200,700 

197,800 

167,800 

169.900 

188,000 

165.900 

1.517,850 

1.516.820 

1,128,000 

1,102.000 

17,500 


10  measared  on  10"  line 12,841 ,281 

8  branch  from  above 7,898.921 

6  2d  branch 4,962.818 

8um  of  two  branches 12,861,734 
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No.  1099.* 

CONSTRUCTION  AND  EFFICIENCY  OF  A  FLEMING 
FOUR-VALVE  ENGINE  DIRECTLY  CONNECTED  TO 
400  KW.    GENERATOR. 

BT  BKMJAMIN  T.  UXINf  HABRISBUROf  PA. 

(Member  of  the  Society.) 

1.  The  purpose  of  this  paper  is  to  describe  the  general  constrac- 
tion  of  a  new  type  of  four-valve  stationary  engine,  and  the  results 
obtained  from  it.  The  efBcicncy  of  this  type  seems  to  exceed  that 
obtained  from  much  more  elaborate  constructions. 

The  machine  was  designed  to  effect  not  only  the  highest  effi- 
ciency, so  far  ])roduced,  but  also  to  attain  this  result  under  wide 
variations  of  load,  which  latter  condition  is  usual  in^the  majority 
of  cases. 

Before  considering  in  detail  the  performance  of  the  medium 
S})eed  compound  four-valvo  engine,  which  is  the  subject  of  this 
paper,  it  will  not  be  out  of  place  to  give  a  brief  explanation  of 
the  motives  heading  to  its  final  development,  and  the  methods  used 
in  its  construction. 

2.  Th(^  object  in  view  in  the  production  of  this  engine,  was  the 
combination  of  the  advantages  of  the  most  economical  slow  speed 
(N)rliss  engines,  with  the  very  desirable  features  of  compactness, 
better  rotative  s})eed,  closer  regulation  and  the  more  efficient 
methods  of  lubrication,  possessed  by  the  high-speed  automatic 
engine. 

r3.  In  order  to  realize  the  economy  of  steam  consumption  of  the 
best  ('orliss  (»ngine  practice,  the  sharp  cut-off  and  more  perfect 
steam  distribution,  attained  by  the  use  of  vacuum  dash  pots  and 
other  accelerating  devices  common  to  Corliss  engines,  was  at  first 
considered  absolutely  essential  and  in  the  earlier  stages  of  the 
(levelo))ment  the  best  forms  of  these  devices  obtainable  were  used. 

4.   It  was  found  that  with  an  im])roved  form  of  detachable  cut- 


*  Presented  at  the  New  York  meeting  (December,  1908)  of  the  American  So- 
ciety of  Mechanical  Engineers,  and  forming  part  of  Volume  XXV.  of  the  Trans- 
actions, 
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SPECIMEN  CARDS* 
ITESTat  about -J- load. 

FROM  H.P.  CYLINDER. 

Crank  End 

80  Spring.  M.E.P.  15.6 


Head  End 

80  Spring.  M.E.P.  10.6 


FROM  LP.  CYLINDER. 

Crank  End 

20  Spring.  M.E.P.  1.6 


Head  End 

20  Spring.  M.E.P.  1.75 


.4m./.-<inA  Xvtt  tV^.F. 
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SPECIMEN  CARDS* 
TEST  AT  ABOUT  1 LOAIX 

FROM  H.P.  CYLINDER. 

Crank  End 

80  Spring.  M.E.P.  50.8 


Head  End 

80  Spring.  M.E.P.  43.2 


FROM  LP.  CYLINDER. 

Crank  End 

20  Spring.  M.E.P.  5.7 


Allen,  B.r. 


Head  End 

20  Spring.  M.E.P.  5.9 


Akucr. 


Fig.  00. 
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SPECIMEN  CARDS. 
TEST  AT  ABOUT  w  LOAD. 

FROM  H.P.  CYLINDER. 

Head  End 

80  Spring.  M.E.P.  53.8 


Crank  End    - 

80  Spring.  M.E.P.  43.8 


FROM  LP.  CYLINDER. 
Head  End 
20  Spring.  M.E.P.  6.5 


Crank  End 

20  Spring.  M.E.P.  6.5 


.tm.PnnK  ,V<>f«  Co..X  J'. 
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off,  such  engines  could  be  made  to  operate  fairly  satisfactory  at 
speeds  considerably  in  excess  of  that  generally  used  on  the  CorliflB 
engine;  but  yet  the  resultant  speed  was  not  as  great  as  was  dedied 
for  some  purposes^  especially  electrical^  and  the  design  of  theyabe 
gearing  still  possessed  many  disadvantageous  features. 

5.  After  exhaustive  investigations  it  was  finally  found  by  sob- 
stituting  for  the  detachable  form  of  cut-off,  a  peculiar  arrange- 
ment of  bell  cranks  and  levers,  that  a  satisfactory  amount  of 
acceleration  could  be  given  to  the  valves  at  the  points  of  admiaaion 
and  cut-off,  and  this  by  angular  motion  only^  and  unencumbered 
by  elaborate  cut-off  devices. 

6.  This  accelerated  motion,  combined  with  the  advantage  ob- 
tained by  making  the  steam  valves  triple  ported,  produced  a  more 
satisfactory  operation  at  higher  speeds  than  was  possible  with  Ike 
other  devices,  besides  being  absolutely  noiseless  in  operation  and. 
requiring  less  care  and  attention  for  maintenance. 

7.  This  form  of  valve  gearing  being  positive  in  action  and  de- 
pendent upon  a  variation  of  the  travel  for  the  different  grades  oft- 
expansion,  made  the  use  of  the  shaft  governor  possible,  with  all 
its  accruing  advantages  of  speeds  and  regulation. 

8.  To  secure  successful  and  continuous  service  for  long  period^ 
of  operation  the  use  of  hardened  valve  gear  pins  and  phosphc^^ 
bronze  boxes  of  ample  proportion  was  essential,  as  well  as  the  be^ 
material  and  workmanship  obtainable. 

9.  It  was  also  important,  in  order  to  insure  thorough  lubrieatiof^ 
over  the  long  periods  of  operation  as  mentioned  above,  that  the 
oiling  be  accomplished  by  automatic  means,  which  is  the  CiB0 
in  this  engine,  all  the  bearings  being  thoroughly  and  effidently 
lubricated  by  a  system  of  self -lubrication  which  requires  no  atten- 
tion on  the  part  of  the  operator,  other  than  replenishing  the  (A 
at  long  intervals. 

10.  The  result  of  combining  the  features  above  mentioned  baa 
been  the  production  of  an  engine  possessing  many  important  ad- 
vantages as  the  following  record  of  the  performance  of  a  medium 
speed  four-valve  engine  of  this  type  will  show. 

This  is,  I  consider  of  unusual  interest  on  account  of  the  many 
unique  features  of  the  design,  the  somewhat  unusual  proportion 
of  the  cylinders  and  the  exceptional  results  obtained. 

11.  The  engine  was  built  by  the  Harrisburg  Foundry  &  Machine 
Works,  and  is  of  the  tandem  compoimd  style,  directly  oonneoted 
to  an  electric  generator  for  the  purpose  of  furnishing  power  for  the 
operation  of  paper  mill  machinery  combined  with  electric  lighting* 
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SPECIMEN  CARDS* 
TEST  AT  FULL  LOAD. 


FROM  H.P.  CYLINDER. 

Crank  End 

80  Spring.  M.E.P.  70 


Head  End 

80  Spring.  M.E.P.  69.8 


FROM  LP.  CYLINDER 


T. 


Crank  End 

20  Spring.    M.E.P.  9.6 


Am.B»nk  NtU  C^^.T. 


Fig.  62. 
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SPECIMEN  CARDS. 
TEST  AT  ABOUT  lis  LOAD. 

FROM  H.P.  CYLINDER. 

Crank  End 

80  Spring.  M.E.P.  77.4 


Head  End 

80  Spring.  M.E.P.  73.4 


FROM  LP.  CYLINDER. 


AtUn,  B.T. 


Awi.MmmJt  Sutt  CV^V.  r. 


Fig.  68. 
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Its  nominal  capacity  i3  500  horse-power  at  a  speed  of  150 
revolutiouB  per  minute,  150  pounds  pressure  at  the  throttle  and  26 
inches  vacuum.  The  cylinders  are  so  proportioned  as  to  give 
the  high  ratio  of  1  to  7.33  following  the  style  advocated  by  Mr. 
Geo.  I,  Rockwood,  the  general  dimensions  being  given  in  table 
number  one. 

12.  No  steam  jackets  are  used,  but  a  vertical  tubular  reheating 
receiver  is  placed  in  the  steam  passage  between  the  two  cylinders, 
steam  being  admitted  to  the  high  pressure  cylinder  through  triple 
potted  valvtjs  of  the  Corli&s  type  working  in  chilled  iron  bushingij, 
the  governing  being  accomplished  by  a  centrally  balanced  inertia 
^aft  or  wheel  governor.  This  governor  is  so  constructed  that  it 
is  practically  balanced  in  all  positions,  being  made  with  two  inertia 
arms,  the  centers  of  gravity  of  which  move  in  harmony  with  each 
other  about  the  center  of  rotation,  the  balancing  feature  avoiding 
surging  or  violent  action  under  all  conditions  of  operation.     This 


--h-'C 


.ffffiinmi" 


m 


Indicated  Horse  power 


Operates,  by  means  of  bell  cranks,  the  steam  admission  valves 
of  the  high  pressure  cylinder  only,  and  is  so  arranged  as  to  de- 
crease the  lead  at  the  earliest  point  of  cut-off.  The  steam  valves 
of  the  low  pressure  cylinder  are  controlled  by  a  fixed  eccentric, 
so  arranged  that  the  cut-off  in  that  cylinder  can  only  be  varied 
when  the  engine  is  not  running,  and  remains  constant,  under  all 
conditions  of  load  and  pressure. 

13.  The  exhaust  valves  of  both  cylinders  are  of  the  Corliss  type 
operated  by  a  single  eccentric  through  the  medium  of  a  peculiar 
arrangement  of  rocker  arms  and  bell  cranks. 

14.  In  making  the  tests  the  water  of  condensation  from  the  ex- 
haust was  weighed  at  the  discharge  of  the  condenser,  which  was  of 
the  surface  type.  The  steam  used  by  the  reheater  was  dischai^^ 
from  a  trap  and  condensed  in  a  coil  and  weighed,  the  quantities 
being  imJuded  in  the  results  given  in  the  tables. 
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15.  The  steam  was  taken  from  the  horizontal  water  tube  boHen 
and  contained  from  A  to  1^  per  cent,  of  moisture. 

Tbe  tests  were  made  with  about  150  pounds  pressure  at  the 
throttle^  with  the  exceptions  of  two,  one  of  about  f  load  with 
a  pressure  of  about  130  poimds,  and  the  other  at  a  time  when  but 
a  small  portion  of  the  mill  was  in  operation.  The  load  under  the 
latter  conditions  being  only  about  ^  the  rated  capacity  of  tho  eor 
gine,  a  pressure  of  about  90  poimds  was  being  carried  at  this  time. 

16.  The  trials  were  of  rather  short  duration,  but  every  precaU* 
tion  was  taken  to  insure  accuracy.     The  indicators,  which  were 
four  in  number,  were  attached  with  short  pipes,  one  to  each  endo* 
each  cylinder,  and  operated  by  a  positive  pantograph  motion  m(t^ 
a  light  rod  and  short  cord  connections,  the  diagrams  being  take^*- 
at  very  close  intervals. 

17.  The  speeds  given  are  the  average  revolutions  per  minute  o 
tained  from  the  total,  registered  by  a  recording  speed  counter. 

TABLE  I. 

General  Dimensions  of  Enoinb. 

High  pressure  cylinder,  diameter 15  IncheB. 

I^w        "  **  "        40i 

Stroke 27 

Diameter  piston  rod,  H.-P 2+^  * 

<<  a        «    T    pjCrankend 4 

^•"*^<Head     '*  2 

Ratio  of  areas  of  cylinders 1  to  7. 

Clearance  H.-P.  cylinder 9.96/% 

L.  P.         "       4.67j( 

Constant  for  1  lb.  M.  E.  P.  and  one  revolution  H.-P.  cylinder.       .Q2S7 

L.  P.        "        '    .174 


<( 


It 
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n 
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18.  Table  II.  is  a  condensed  report  of  the  general  results  ob-^ 
tained  under  the  varying  conditions  of  load  and  pressure,  as  fol- 
lows:— 

TABLE  II. 


Test  at  about  ^ 
load 

Test  at  about  { 
load 

Test  at  alK>ut  i^q 


load 

Test    at     about 

full -rated  load 
TeRtatalK)ut  1^ 

load 


o  C 

=1 

s 


2 
3 
2 
5 
2 


o  c 


GJ  S  £  s:*^ 

tr  —^         s  a) 

ee  S 


FN  S  et 


^  O  .• 


;  155. 18 
151.25 
152.33 


89.72  26.5  44.34  42.78 
129.9  26.0  167.73  158.81 
149.4     26.0    176.19  '  173.09 

150.09152.0  ,  25  9    249.96    251.59 

I 

148.89  153.0     2.5.5    267.24    286.25 


87.07 
821.54 
348.28 
501.55 
658.40 


14.42 
18.59 
12.83 
12.66 
13.73 
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FRICTION  CARDS. 
FROM  H.P.  CYLINDER. 


Crank  End 

80  SPRiNa    M.E.P.  8.6 


Head  End 

80  Spring.   M.E.P.  0. 


FROM  LP.  CYLINDER. 


Crank  End 

20  Spring.    M.E.P.  0.5 


Head  End 

20  Spring.    M.E.P.  1.1 


Frictkm  cards  taken  with  brushes  on  commutator  and  fields  excited. 

Total  horse-power  37.67  or  about  7.5%  of  rated  load  of  600  h.p. 

Combined  efficiency  of  unit  about  86.4  at  full  load. 


Jir 


Awt.9mnkJhttQif.,if.r. 


Fie.  67. 
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OVERLOAD  GARI7& 


FROM  H.P.  CYUNDER. 

Crank  End 

80  8PRiNa    M.E.P,82.0 


Head  End 

80  Spring.    M.E.P.  87.4 


AtUn,  B.T. 


FROM  LP.  CYLINDER 


Average  horse-power  h.p.  cylinder  296.09 

"  "  "        L.P.  "  830.42 

Total  horse-power  62631 
Fig.  08. 


iCbLjKF. 
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19.  Figs.  59,  60,  61,  62  and  63  are  the  indicator  diagrams  taken 
throughout  the  tests,  the  cards  in  every  case  being  those  repre- 
senting the  average  load  for  the  complete  run.  Fig.  No.  64  is  the 
diagram  of  efficiency  or  steam  consumption  curve. 

Fig.  No.  65  is  of  the  diagrams  from  jV  load  combined,  the  cards 
being  from  the  crank  end  of  the  cylinders. 

Fig.  No.  66  is  the  combination  of  the  diagrams  from  the 
full  load  test,  the  cards  being  taken  from  the  head  end  of  the 
cylinders. 

20.  These  combinations  are  made  from  the  cards  shown  in  Figs. 
61  and  62,  and  are  accompanied  by  tables  giving  the  measurements 
taken  from  the  diagrams.  The  perfection  with  which  the  cards 
from  the  -j^  load  match  the  theoretical  expansion  curve,  is  worthy 
of  note.  This  feature,  however,  is  not  so  well  carried  out  on  the 
combined  card  of  the  full  load.  Fig  66. 

21.  I  considered  it  of  interest  to  add  Figs.  No.  67  and  68  also. 
The  former  gives  the  diagrams  obtained  from  the  engine  when 
running  the  dynamo,  without  doing  any  work,  excepting  the  fric- 
tion of  the  combined  unit.     The  latter,  Fig.  68,  showing  a  set  of 
dia^ams  obtained  under  an  over-load  of  about  25  per  cent. 

No  steam  consumption  tests  were  made  under  these  loads,  the 
C4irds  simply  serving  to  show  the  steam  distribution  under  these 
conditions. 

22.  A  comparison  of  the  results  obtained  at  the  different  loads 
reveals  some  very  interestng  features;  a  very  important  one  being 
the  slight  difference  in  the  quantity  of  steam  consumed  per  in- 
dicated horse-power  per  hour  under  the  various  conditions  of  load 
and  steam  pressure;  representing  a  curve  of  economy  closely  ap- 
proximating a  straight  line.  This  will  be  seen  by  reference  to 
the  diagram  of  efficiency.  The  difference  between  the  highest 
and  lowest  steam  consumption  being  only  2.09  pounds. 

23.  It  will  also  be  noticed  that  the  distribution  of  work  between 
the  two  cylinders  is  nearly  uniform  under  all  loads,  up  to  the  rated 
cipacity,  after  which  the  tendency  is  for  the  low  pressure  cylinder 
to  do  the  greater  proportion. 

24.  As  before  stated,  there  is  no  variation  of  the  point  of  cut-off 
in  the  low  pressure  cylinder,  the  setting  of  the  valves  remaining 
the  same  during  the  complete  series  of  tests;  and  it  may  be  that 
the  throttling  action  of  the  governor  by  decreasing  the  lead  and 
initial  pressure  in  the  high  pressure  cylinder  under  the  light  loads, 
contributed  largely  to  the  uniformity  of  the  results. 
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25.  It  will  also  be  noticed  that  the  best  economy  was  obtained  at 
about  three-quarters  load;  this  I  consider  due  to  the  fact  that  the 
reheater  was  sufficiently  large  to  superheat  the  steam  passing  to 
the  low  pressure  cylinder  up  to  this  point.  On  the  load  being 
increased  some  accumulation  of  water  was  noticeable  in  the  gauge 
glass,  which  would  after  a  time  evaporate  and  pass  through  the 
low  pressure  cylinder.  This  failure  of  the  reheater  to  perform 
its  proper  functions  on  the  increased  loads,  is  clearly  indicated 
in  Fig.  66,  and  in  all  probability  had  some  tendency  to  impair 
the  efficiency  of  the  apparatus  under  heavy  loads. 

26.  In  conclusion,  therefore,  it  seems  apparent  that  on  account 
of  this  particular  test  and  from  others  corroborating  it,  made  at 
other  times,  the  following  more  important  and  rather  new  prin- 
ciples are  fairly  established : 

First:  That  as  a  prime  mover  the  elaborate  dash  pot  or  other 
accelerated  cut-oflE  devices  used  in  present  Corliss  Engine  practice 
are  unnecessary  complications  and  unwarranted  when  comparing 
results. 

^(cond:  That  the  centrally  balanced,  direct-acting  fly  wheel 
Jevice  serves  its  purpose  to  better  advantage  than  the  indirect  fly 
hall  {governor. 

Third:  That  there  is  better  warrant  for  shorter  strokes  and 
nKHJerately  high  speeds  than  for  longer  strokes  and  resultant 
l<»wcr  sj)eeds,  notwithstanding  the  element  of  clearances. 

Fourth:  That  self -lubrication  without  additional  apparatus  re- 
quiring attention  to  secure  it,  enters  as  an  improvement  in  net 
<fficiency,  to  say  nothing  regarding  maintenance. 

Fifth:  That  an  engine  of  the  described  design,  although  of 
marked  improvement  in  point  of  simplicity  will  rather  exceed 
than  equal  the  more  elaborate  practice  heretofore  established  at 
n^nnal  load  and  excels  comparable  prime  movers  in  a  marked  de- 
gree where  the  work  is  of  a  widely  fluctuating  character. 

i^ixth:  That  considering  a  resulting  decrease  in  the  cost  of 
foundations,  building,  floor  space,  and,  in  electric  practice,  gener- 
ators, due  to  better  speeds,  the  design  described  determines  its 
iini)ortancc  from  the  standpoint  of  investment. 

DISCUSSION. 

Prof.  R.  C.  Carpenter. — The  results  of  the  tests  of  the  Fleming 
4-valve  engine  described  in  Mr.  Allen's  paper  show  very  creditable 
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results  compared  with  an  engine  of  similar  dimensions  operatiiij 
the  relatively  high  speed  of  150  revolutions  per  minute.  I  cons 
it  doubtful,  however,  if  the  tests  cited  are  sufficient  to  estal 
a  water  rate  for  ordinary  cases  as  uniform  as  that  shown  lu 
the  peculiar  conditions  of  the  various  tests  cited.  The  testa  e 
four  results  obtained  when  the  engine  carried  a  load  more 
five-eighths  of  its  rating,  and  a  single  test  when  the  engine 
loaded  to  only  one-sixth  part  of  its  rating;  this  single  test,  ^ 
plotted  with  the  results  obtained  for  higher  loads,  forms  a  m 
horizontal  curve,  as  shown  in  Fig.  64  of  the  paper,  and  indica 
remarkable  uniformity  of  steam  consmnption  for  wide  varia 
in  loading.  By  computing  the  total  steam  used  per  hour  and 
structing  a  curve  with  total  indicated  horse  power  as  abe 
and  total  weight  of  steam  as  ordinates,  some  interesting  rels 
are  shown  which  are  not  developed  in  the  paper. 

The  total  indicated  horse  power  and  total  steam  per 
are  shown  in  the  following  table: 


Total  horse  power. 

Total  Bteam  per  hour. 

Steam  preaiiire. 

• 

Lbs. 

Lbt. 

87.07 

1255.5 

89.78 

321.54 

4369.7 

129.9 

848.28 

4294.8 

149.4 

501.55 

6349.6 

162.0 

553.49 

7046.9 

1S8.0 

The  curve  showing  the  relation  between  total  steam  pei 
and  total  power  dev(»l(>ped  is,  as  showTi  by  the  diagram,  Fi 
which  is  noted,  practically  a  straight  line,  A  By  which  can  I 
rcs(»ntcd  approximately  by  th(j  equation 

Total  steam  per  hour  =  200  +  12.3  (H.  P.) 

from  which  wc  find 

Steam  per  I.  II.  P.  per  hour  =    .  -p  +  12.3. 

I  have  plotted  a  great  many  engine  tests  in  this  manne 
have  found  that  an  engine  controlled  by  a  throttling  go' 
invariably  gives  a  straight  line  curve,  which  fact  I  think  wi 
pointed  out  by  Mr.  II.  11.  AVillans  of  England,  and  has  som 
been  characterized  as  Willans'  Law.  On  the  other  hand, 
gine  controlled  by  an  automatic  governor  has  for  its  charact 
a  curved  line  approxhnating  that  shown  in  dotted  lines  C  1 
the  figure  submitted. 
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le  governor  used  on  the  Fleming  engine  was  of  the  automatic 
,  but  the  tests  which  were  submitted  were  made  with  differ- 
ileam  pressures;  consequently  the  general  eiFect  of  the  testa 
light  loads  would  approximate  that  ohtained  with  a  throttling 
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rnor  applied  to  the  hipli-prcssnrc  cylinder,  i.e.,  a  low  steam 
ure  would  pivf^a  later  cut-off  than  would  have  been  experi- 
i  had  the  pressure  been  high.  This,  in  my  opinion,  accounts 
he  fact  that  in  the  curve  wliicli  I  submit  the  result  of  the  test 
the  low  load  falls  in  a  right  line  with  the  other  tests.  "While 
is  purely  accidental,  it  has  the  effect  of  making  the  steam 
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consumption  less  at  a  light  load  than  would  have  been  the  cas 
had  the  steam  pressure  been  maintained  at  150  pounds  for  tli 
entire  series  of  tests. 

It  is  my  impression  that  mth  a  constant  steam  pressure,  thi 
engine  will  show  about  the  same  variation  in  steam  consumptio 
per  unit  of  power  as  the  Corliss  engines  or  other  good  engines  c 
the  automatic  type. 

Mr.  Rocktcood. — It  appears  that  the  purpose  of  this  paper,  i 
stated  in  paragraph  1,  is  not  quite  the  same  thing  as  the  impre 
sion  gained  by  reading  it.  New  principles  of  design  are  claime 
but  none  is  described;  and  while  a  novel  form  of  positively-drive 
Corliss  valve  gear  is  hinted  at,  its  details  are  not  given,  and  tl 
feeling  of  the  reader  is  that  the  author  is  claiming  broadly,  i 
a  novelty,  the  use  of  the  shaft  governor  as  a  means  of  controllii 
the  cut-off  valves.  The  same  thing  may  be  said  of  the  referenc 
to  the  use  of  a  svstem  of  automatic  lubrication.  Also,  t! 
"  efficiency  " — if  by  that  is  meant  economy  of  steam — is  m: 
takenly  claimed  to  exceed  that  of  other  stationary  4rvalve  e 
gines  of  the  high  ratio  compound  type,  especially  with  varial 
loads,  for  the  best  performance  of  this  engine  is  more  than  oi 
pound  of  steam  per  indicated  horse  power  per  hour  in  excess 
the  best  recorded  performance  of  a  high  ratio  compound  engi 
of  the  odinary  slow-speed  Corliss  type.  I  think,  therefore,  tb 
the  claims  of  paragraph  26 — ^with  the  possible  exceptions  of  t 
second  and  the  sixth — should  be  omitted,  and  that  the  constn 
tion  which  it  was  the  stated  object  of  the  paper  to  describe  shot 
actually  be  described  fully,  instead  of  merely  hinted  at.  Th< 
strictures  have  reference  rather  to  the  form  and  claims  of  t 
paper  than  to  the  engine  itself,  about  which  enough  is  made  cl< 
to  excite  one's  interest  and,  possibly,  one's  approval  of  its  pec 
iarities.  _ 

The  chief  thing  about  the  design  of  this  engine  which,  broa' 
considered,  is  still  unusual  is  the  use  of  the  high  cylinder  ra' 
It  is  now  about  twelve  years  since  the  first  slow  speed  compel 
stationary  engine  with  an  exaggerated  cylinder  ratio  was  h 
and  tested.  The  results  w^ere  published  in  Volume  XIU.  of 
Transactions,  The  accuracy  of  these  tests  and  their  sufficie 
to  prove  the  superior  value  of  the  high  ratio  over  the  conn 
ratio  of  three  or  four  to  one  was  not  at  once  believed  by  m 
prominent  engineers,  for  the  reason  that  the  general  theoij 
the  steam  engine  seemed  to  them  to  be  against  the  possibilitj 
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tie  truth  of  any  such  results.  At  that  time  the  best  acknowledged 
performance  of  the  compound  engine  was  between  14  and  15 
pounds  per  indicated  horse  power  per  hour,  and  even  those  re- 
ports of  triple-expansion  pumping-engine  tests,  wherein  was 
claimed  a  steam  consumption  of  between  12  and  13  pounds,  were 
It  first  considered  to  be  little  better  than  "  fairy  tales."  If  at 
that  time  an  engineer  had  reported  to  this  Society  a  paper  like  the 
one  we  are  now  considering,  he  would  have  been  received  with 
entire  incredulity  if  not  with  scorn. 

A  distinguishing  characteristic  of  these  high  ratio  compounds 
is  the  phenomenon  of  drop.  It  was  believed  then,  as  it  is  now, 
that  drop  entails  a  loss  of  work  by  free  expansion;  and,  without 
going  further  into  the  total  effect  of  its  use  than  that,  there  was  a 
singular  and  unanimous  determination  on  the  part  of  all  writers 
on  the  steam  engine  to  discourage  the  toleration  of  any  drop 
whatever  in  compound  engines.  The  fact  is  now,  however,  ap- 
preciated that  the  high  ratio  compound  is  much  more  economical 
It  light  loads  than  is  the  engine  with  a  low  cylinder  ratio,  and 
the  tests  submitted  in  the  paper  are  a  further  proof  of  this.  The 
history  of  the  progress  of  the  high  ratio  idea  is  interesting,  for  it 
bears  on  the  question  of  how  much  drop  is  desirable.  Between 
1885  and  1890  several  large  steamers  of  the  Ley  land  line  had 
their  old  style  compound  engines,  which  used  steam  at  90  pounds 
boiler  pressure,  converted  into  liigh  ratio  compounds  with  steam 
*t  150  pounds  pressure.  The  new  engines  of  the  steamship  *'  Alge- 
nan,"  for  instance,  were  found  on  trial  to  equal  the  economy 
of  triple-expansion  engines  of  the  same  power.  Cut-off  occurred, 
bowever,  at  the  unusually  early  point  of  one-quarter  of  the  stroke 
^n  replar  operation,  with  the  result  that  these  engines  worked 
^th  no  more  drop  than  is  usual  in  marine  engines  of  the  triple- 
^.^nsion  type  cutting  off  at  three-quarters  of  the  stroke,  as  such 
^lipnes  generally  do  or  even  at  a  later  cut-off. 

But  this  system  of  so  altering  old  ships  received  something  of 
*  setback   in    1892,  when  a   test  was  made   on  the   steamship 

Iveagh,**  both  with  and  without  the  use  of  the  intermediate 
cylinder.  The  actual  figures  obtained  on  these  trials  showed  a 
**^ing  of  coal  of  JJO  per  cent.  Although  these  tests  seemed  on  the 
^  of  the  matter  to  be  fair  comparative  tests,  the  engines  and 
'^iler  pressure  being  identical  in  both  cases,  yet  in  reality  they 
*^y  proved  what  might  have  been  anticipated,  that  in  the  high 
'^tio  compound  very  excessive  drop — such  as  where  there  is  prac- 
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tically  no  expansion  in  either  cylinder  before  Release — ^la  very 
wasteful.  It  does  not  do,  in  other  words,  to  have  all  the  expan- 
sion take  place  in  the  receiver.  In  the  case  of  the  "  Iveagh  "  the 
drop  was  more  than  three  times  what  it  was  on  the  engines  of 
the  "  Algerian,"  being  as  much  as  100  pounds. 

On  the  other  hand,  a  reasonable  amount  of  drop  is  aecom- 
I)anied  by  a  distinct  net  gain  of  economy  at  all  loads.  This  is 
because  the  wa^tc  of  heat  resulting  in  all  engines  from  condensa- 
tion of  steam  and  its  subsequent  reevaporation  at  the  moment 
of  release,  without  the  performance  of  work,  is  undeniably  re- 
duced. In  the  stationary  -i-valve  type  of  engine,  the  amount  of 
drop  in  high  ratio  compounds  is  of  small  extent  compared  with 
what  took  place  in  the  engines  of  the  "Iveagh";  it  never  ex- 
ceeds 30  pounds,  and  usually  is  from  15  to  25  pounds,  and  hence 
these  ciigin(^s  do  remarkably  economical  work,  and  there  are  in 
operation  this  minute — as  the  result,  I  believe,  of  the  pubUcation 
of  the  tests  referred  to  in  Volume  XIII. — several  hundred  thou- 
sand horse  power  of  them. 

The  th(»ory  upon  which  the  engines  of  the  "  Algerian ''  were 
designed  was,  evidently,  a  wrong  one.     It  was  thought  that  the 
increased  waste  due  to  cylinder  condensation,  which  the  greater 
range  in  pressure  permitted  in  the  first  cylinder,  would  be  ob- 
viated by  ])r(n'enting  tli(»  increascul  temperature  range  naturally 
accompanying  it  by  the  introduction  between  the  two  cyUnders 
of  a  cylinder  containing  a  spiral  sheet  of  copper,  and  called  a 
'^  heat    retainer."      This    device   was    actually   fitted   to  several 
steamers  before  the  absurdity  of  it  became  apparent  by  actual 
thermometer  t^'sts.     Nevertheless,  had  the  designers  and  owners 
of  those  engines  not  fully  (*xp(*eted  that  the  natural  increase  itt 
the  rang(^  in  temperature,  due  to  the  enlarged  range  in  pressure 
in  the  high-pressure  cylinder,  would  haVe  been  nullified  by  its 
agency,  they  would  have  abandoncHl  the  high  ratio  idea  without 
(»x|>(u-hnent.     ]\ry  idea,  on  the  other  hand,  was  and  is,  that  ther© 
would  be  no  increase  in  cylinder  condensation  due  to  the  omis- 
sion of  an  intermediate  cvlinder,  and  that  moreover  there  woul<* 
be  certain  practical  gains  effected  by  fattening  the  combined  diS' 
gram. 

It  is  of  interest  to  coni])are  the  performance  of  the  Leavit^ 
pnniping  engine  at  the  Chestnut  Hill  Iteservoir,  Boston,  witl^ 
that  of  the  high  ratio  (\K>})er  (^)rliss  com])ound  mill  engine  at 
Providence,  Ji.  I.     With  identical  boiler  pressures,  ratios  of  ex' 
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nsion  and  degrees  of  vacuums  the  steam  consumptions  per  in- 
jated  horse  power  per  hour  were  also  identical,  or  11.2  pounds, 
lean  corroborate 'the  straight  line  shown  for  steam  consump- 
>n  at  variable  loads  out  of  my  own  experience.  I  should,  I  con- 
ss,  Uke  to  see  some  proof  that*  on  this  short  stroke  engine  the 
w-pressure  clearance  does  not  exceed  4.6  per  cent.  I  have  never 
en  a  Corliss  engine  that  would  give  less  than  6  per  cent,  to  7  per 
nt.  clearance  even  with  relatively  much  longer  strokes.  Also, 
hile  the  design  of  this  engine  looks,  in  the  illustration,  prac- 
cal  and  satisfactory,  I  cannot  see  that  it  is  any  less  complicated 
lan  if  it  had  dash  pots  and  a  fly-ball  governor.  I  believe  that 
her  things  being  equal  except  the  speed  of  rotation — that  is, 
ith  the  same  piston  speed — the  long-stroke  engine  will  beat  the 
lort-stroke  engine  every  time.  Without  doubt,  however,  the  ad- 
mtagc  of  the  long  stroke  is  small,  and  out  of  consideration  of 
H)nomy  of  first  cost  of  all  parts  of  the  unit,  the  short  stroke  is 
>  be  preferred. 

Mr,  C,  V,  Kerr, — I  would  also  like  to.  have  the  author  give 
le  data  of  that  re-heater.  If  we  had  the  square  feet  of  heating 
irface  in  the  re-heater,  the  pressure  under  which  the  steam  is 
)ndensed,  and  the  weight  and  temperature  of  the  water  con- 
ensed,  we  could  make  some  interesting  calculations  on  the  per- 
>nnance  of  this  engine  that  we  cannot  make  now  mth  the  data 
t  hand. 

J/r.  /.  A.  Seymour, — I  vnsh  to  take  exception  to  the  conclu- 
ons  reached  in  the  paper  concerning  the  advantage  of  a  short 
n)ke  as  regards  economy.  I  have  found  from  the  results  of  a 
'ries  of  tests  with  engines,  varying  in  stroke  from  24  to  66 
iches,  but  otherwise  similar  in  all  respects,  that  a  moderately 
'ng  stroke  means  a  very  considerable  gain  in  economy  as  com- 
ared  with  a  short  stroke,  such  as  that  of  the  engine  described 
yilr.  Allen,  and  that  witli  a  further  increase  in  stroke  beyond 
certain  point,  the  gain  becomes  much  less.  That  as  good 
•onomy  cannot  be  obtained  with  engines  of  short  stroke  as  with 
»o^  of  moderately  long  stroke  is  recognized  generally  by  en- 
'Qeers  having  experience  with  both  types.  The  remarks  just 
«<lebv  Mr.  Uoekwood  show  that  he  has  found  this  to  be  so. 
I  have  mentioned  this  series  of  tests,  which  were  made  in  vari- 
'-'^U'ations,  with  and  without  superheating  receivers,  some  with 
luratwl  and  some  with  superheated  steam,  and  in  each  case 
•nducted  jointly  by  purchaser  and  builder  to  determine  as  to 
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fulfilment  of  contract  guarantees,  merely  because  en^nes  of 
identical  stvle  and  make  are  seldom  built  i\dth  such  widely  vair- 
ing  strokes  and  these  tests,  therefore,  the  results  of  which  are  all 
very  consistent,  afford  an  unusually  good  basis  of  comparing  the 
effect  which  length  of  stroke  has' upon  the  economy  of  an  engine. 

AVhile  I  agree  in  regard  to  the  advantage  of  higher  rotative 
speeds,  I  think  the  paper  is  wTong  in  its  conclusions  concerning 
the  economy  to  be  secured  with  short  strokes,  and  that  the  results 
given  need  confirmation. 

Mr,  Allen* — There  are  some  of  these  questions  which  have  been 
asked  that  are  pretty  hard  for  me  to  make  reply  to  at  once.  But 
first  I  wish  to  make  a  few  remarks  in  corroboration  of  the  results 
given  in  this  particular  test.  Some  two  or  three  years  ago  I  was 
called  upon  to  make  a  series  of  tests  upon  a  pair  of  engines  which 
were  of  the  same  design  exactly  as  this  engine.  This  pair  of  en- 
gines was  running  at  a  speed  of  225  revolutions  per  minute;  the 
steam  pressure  was  125  at  the  throttle;  the  vacuum  was  about 
2()  inches,  and  the  rated  capacity  was  300  horse  power.  It  did  not 
have  any  reheating  receiver  or  any  steam  jackets.  I  think  I  can 
recollect,  at  least  approximately,  the  figures  obtained,  and  I  will 
cite  them.  On  th(*  test  made  at  one-quarter  load,  the  results  were 
18.43  pounds.  On  the  test  made  at  one-half  load,  the  results  were 
17.45  pounds.  On  tlu*  test  made  at  three-quarter  load,  the  results 
were  14.97  pounds.  On  the  test  made  at  about  the  full  rated  load 
of  300  horse  pow(»r,  the  result  was  15.22  pounds,  and  on  the  2S 
per  cent,  over  load  15.33  pounds.  These  figures  represent  th< 
actual  weight  of  feed  water  pum])ed  into  the  l)oilers  and  withott* 
any  corrections  for  moisture.  If  you  will  compare  the  figure: 
given,  the  highest  and  lowest,  you  will  notice  that  in  this  case  als< 
the  difference  is  only  about  3.4()  pounds.  The  ratio  of  this  engiw 
was  1  to  5,^.     It  had  a  high-])ressure  cylinder  of  13  inches.    Lov 

])n*ssure  thirtv  and  five  thirtv-secondths,  and  the  stroke  was  l7i 

lit.' 

inches,  running  at  a  s])eed  of  225  revolutions  per  minute.  I  hav 
made  other  tests  of  this  particular  type  of  engine  which  coi 
roborate  the  tests  ma<le  in  this  ])aper. 

With  reference  to  the  remarks  of  Professor  Carpenter  regan 
ing  the  variation  in  steam  ])ressure,  1  wish  to  say  that  the  go^ 
<M'nor  is  so  arranged  on  the  shaft  of  this  engine  that  by  giving  it 
certain  amount  of  angular  advance,  the  lead,  as  the  paper  state 
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L>  reduced  at  the  earlier  points  of  the  cut-off.  If  you  will  measure 
the  initial  pressure  given  on  the  card  of  the  sixth  load  in  this  paper, 
you  vdW  notice  that  it  is  far  from  being  90  pounds  in  the  cylinder, 
and  that  the  throttling  action  is  very  apparent. 

It  has  been  my  experience  that  this  same  engine  running  with  a 
higher  pressure  does  not  give  any  higher  initial  pressure  in  the- 
cvlindcr  on  the  light  loads  than  it  would  if  the  pressure  at  the 
throttle  were  low.  So  that,  outside  of  tlie  fact  that  there  is  a  little 
more  heat  in  the  steam  chest,  I  do  not  believe  that  the  higher  pres- 
sure would  have  made  anv  difference  in  the  result. 

ilr.  Kent  asked  for  further  data  regarding  the  design  of  the 
engine.    I  will  add  that  to  the  paper  before  it  is  finally  published. 

Regarding  the  clearance,  the  valves  of  this  engine  are  of  rather 
peculiar  construction,  and  I  really  do  not  think  that  the  engine 
can  be  compared  vnth  a  Corliss  engine — that  is,  not  in  the  same 
!*nse  that  the  discussion  seems  to  imply.  The  clearance  between 
the  low-pressure  piston  and  the  head  was  only  about  one-eighth  of 
an  inch.  The  head  was  turned  and  polished,  as  also  was  the  piston, 
^n  both  sides,  the  crank  end  being  cast  in  solid.  The  percentage 
♦^f  clearance  given  is  that  percentage  which  has  been  carefully 
calculated  from  the  drawing  and  checked  up  by  two  or  three  dif- 
ferent persons. 

Regarding  the  condenser,  this  was  of  the  surface  type — I  can- 
""t  rcmembi^r  the  name  of  it.  It  was  operated  independently  of 
the  eiipiK*.  There  was  no  test  made  of  the  amount  of  steam  con- 
J^umcd  bv  the  condenser. 

With  reference  to  the  reheater,  steam  direct  from  the  boiler 
^a?*  passed  through  the  reheater  and  carried  off  by  means  of  a 
^^|>.  I  am  sorry  to  say  that  through  an  error  on  the  part  of  the 
"lan  looking  after  the  water  coming  from  this  reheater,  he  neg- 
"•^'led  to  take  the  temperature  of  it.  So  I  cannot  give  you  that 
''a^a,  but  the  weights  I  am  absolutely  certain  are  correct;  that  is, 
ite  \veg:hts  of  water  consumed  by  the  reheater.  These  I  have  in 
^he  oripnal  tc.•^ts,  but  not  in  this  paper.  That  data  of  course  I 
^•"1(1  put  in  the  final  printed  matter  also. 

In  res|K>nse  to  numerous  requests  for  more  complete  details  of 
'»e  construction  and  further  information  of  the  test  of  the  4-valve 
•'^gine.  which  was  the  subject  of  my  })aper,  I  have  considered  it 
I'lvisabl**  to  a<l<l  the  drawing  Fig.  71,  showing  cross  section  of 
'*»lves  and  <*ylind(Ts,  and  Fig.  72  showing  the  plan  and  elevation 
'^f  the  engine  in  detail. 
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The  drawing  of  ilio  cylintlcrs,  Vig.  71,  was  itiadc  for  a  smaller 
ciijfiiie,  b»t  the  design  and  construction  of  the  valves  is  the  same 
as  on  the  (-nginc  fiom  which  the  test  was  made. 

It  will  be  uoticed  on  referring  to  this  cross  sectional  draning, 


that  the  steam  valves  of  the  high-pressnre  cylinders  operate  in  re- 
movable east-iron  Inishings,  as  describc^d  iu  the  paper,  and  that  the 
ports  are  arranged  in  snoli  a  manner  that  the  three  edged  arc 
opened  at  one  time.  Tliis  arrangement  of  triple  ports  combined 
with  .th(!  rapid  angular  motion,  obtained  from  the  use  of  the 
peculiar  arrangement  of  bell  cranks,  gives  a  very  quick  ad- 
mission and  cnt-off.  The  use  of  the  bushings  gives  a  ready  means 
(if  renewal  when  I'l'pairs  ai'C  uet^essury,  as  the  cages  can  simply  be 
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removed  and  new  ones  forced  in,  in  a  very  short  time,  obviating 
tie  necessity  of  boring  out  the  holes  as  must  be  done  in  the  case 
of  the  Corliss  engine. 

The  steam  valves  of  the  low-pressure  cylinder  are  also  triple 
ported,  but  have  a  different  arrangement  of  steam  passage  and 
do  not  operate  in  bushings.  We  do  not  consider  this  necessary  in 
this  cylinder,  as  the  valves  are  constantly  working  at  the  same 
travel,  insuring  thorough  lubrication,  and  as  the  surfaces  are  large, 
the  amount  of  wear  is  very  slight  after  years  of  operation. 

The  exhaust  valves  in  both  cylinders  are  single  ported,  the 
valves  being  virtually  plug  cocks  which  close  in  such  a  manner  as 
to  eliminate  entirely  the  space  inside  the  valve  from  the  clearance 
volume.  The  valves  of  the  high-pressure  cylinders  are  operated 
hy  means  of  our  centrally  balanced  inertia  governor,  which  is 
clearly  shown  by  Fig.  73.  This  governor  is  the  same  as  is  used 
on  all  engines  of  the  Fleming  system. 

The  steam  valves  of  the  low-pressure  cylinder  are  operated. by 
means  of  an  independent  eccentric,  which  is  practically  fixed  to 
the  shaft,  but  has  a  point  of  suspension  similar  to  that  used  on  the 
^)vernor,  and  is  arranged  with  a  screw  by  means  of  which  it  can 
he  moved  across  the  shaft,  and  the  point  of  cut-off  varied  in  the 
low-pressure  cylinder  without  changing  the  lead.  This  can  be 
done  only  while  the  engine  is  not  in  motion. 

The  eccentric  next  to  the  main  bearing  controls  the  exhaust 
valves  in  both  high  and  low-pressure  cylinder,  by  means  of  a 
^ruliar  combination  of  rocker  arms.  These  rocker  arms  are  all 
nade  of  open  hearth  steel  castings,  and  those  which  operate  the 
team  valves  are  keyed  to  the  shaft  at  each  end  next  to  the  rocker 
laft  bearings. 

7'his  shaft  has  a  running  fit  in  two  bearings  attached  to  a 
acket  which  is  bolted  to  the  side  of  the  bed.  Between  these 
o  rocker  arms  at  the  extreme  end  of  the  shaft  is  located  the 
•ker  arm  which  connects  to  the  steam  valves  of  the  low-pres- 
-e  cylinder,  also  tlie  rocker  arm  which  operates  the  exhaust 
Ives  of  lx)th  cylinders.  These  rocker  arms  run  loose  on  the 
ift  and  are  babbitted  inside  the  hole  to  avoid  cutting.  They 
'  al:*<>  provided  with  large  bronze  adjusting  shoes  to  take  up 
'  wear  at  this  point. 

All  the  pins  used  throughout  the  valve  gearing,  and  in  fact 
the  whole  engine,  are  made  of  steel,  case  hardened  and  ground, 
i  the  connections  in  the  valve  gearing  are  of  phosphor  bronze. 
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provided  with  means  of  adjustment  so  that  wear  can  he  taken 
without  removing  the  rods  from  their  pins.  All  the  hell  craj 
and  valve  arms  are  made  amply  strong  of  malleable  iron  to  giu 
against  possible  breakage. 

There  is  a  disconnecting  valve  for  each  pair  of  valves  wh( 
the  reach  rod  connects  to  each  set  of  bell  cranks.  This  disc< 
necting  device  is  arranged  in  such  a  manner  that  by  simj 
throwing  a  lever,  a  cam  is  disengaged  from  the  rod,  which  is  th 
free  to  move  through  the  pin  connected  to  the  bell  crank,  so  tl 
by  means  of  a  starting  bar  each  pair  of  valves  can  he  read 
tried  before  the  engine  is  turned  over  under  steam. 

The  valve  gearing  i*  most  substantial  throughout,  all  the  pa 
being  exceptionally  large  and  heavy.  The  brackets  of  the  stc; 
valves  are  connected  together  with  links  and  ream-fitted  Ix 
in  such  a  manner  that  the  two  steam  brackets  of  each  cylim 
form  a  rigid  truss  and  are  made  to  distribute  the  strain  in 
admirable  manner. 

The  same  system  of  self  lubrication  is  used  on  these  engi 
as  is  used  on  all  the  Fleming  engines.  The  cylinders  are  net 
covered  with  cast  iron  lagging,  ground  'and  polished.  The  sp 
between  being  filled  with  the  best  quality  of  non-conduct 
material.  The  connection  between  the  high-  and  low-press 
cylinder  is  arranginl  in  halves,  and  attached  to  the  cylinders 
means  of  cap  bolts,  so  that  in  case  it  is  necessary  to  examine 
interior  of  the  low-pressure  cylinder  the  connection  can  be  rea 
removed,  thus  allowing  ample  room  to  move  back  the  head 
examine  the  cylinder  or  make  adjustments  to  the  piston. 

The  piston  of  the  low-pressure  cylinder  has  a  bull  ring  of 
])hosphor  bronze  type,  which  is  arranged  in  such  a  manner 
in  case  of  wear  the  piston  rod  can  easily  be  raised.     The  us 
phosi)hor  bronze  in  the  bull  ring  has  proven  very  satisfac 
and  insures  h)ng  wear  without  cutting. 

The  drawing  of  the  plan  and  elevation  of  the  engine,  Fig. 
shows  more  cl(»arly  the  style  and  construction  of  the  valve  gea 
than  does  the  cut.  Fig.  09,  in  the  paper  read  before  the  Soc 
which  cut  was  made  from  a  photograph  of  the  engine. 

In  order  to  show  more  cl(\arly  the  arrangement  of  the  re-l 
ing  re(*eiver  and  its  connections  on  this  particular  engine,  I 
considered  it  of  interest    to    add    drawing,  Fig.  74,  which 
foundation  plan  of  this  particular  engine. 

It  will  be  noticed  that  the  re-heating  receiver  is  of  the  vei 
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type.  It  was  built  by  the  Wheeler  Surface  Condenser  Co.,  and 
contains  a  series  of  vertical  tubes,  one  inside  the  other,  arranged 
after  the  manner  usual  in  the  construction  of  their  surface  con- 
densers. 

This  re-heating  receiver  contains  250  square  feet  of  hearinp 
surface,  and  the  writer  is  of  the  opinion  that  the  falling  off  of 
the  (»conomy  on  the  full  load  is  largely  due  to  the  fact  that  this 
surface  was  insufficient  for  this  size  engine.  The  amount  repre- 
sents about  ^  square  foot  to  the  horse  power  at  the  rated  capacity 
of  the  engine. 

In  reply  to  question  asked  by  Mr.  C.  Y.  Kerr  with  reference 
to  the  re-hoat(»r.  The  stoam  entered  the  re-heater  at  1 50  pounds 
pressure,  and  was  taken  therefrom  by  means  of  a  Bundy  trap 
and  passed  through  a  coil  of  pipe  inmiersed  in  a  tank  which  wa: 
constantly  running  full  of  cold  water.  This  tank  was  placec 
above  another  tank  on  a  pair  of  scales,  so  that  when  the  trap  dis 
charged  its  contents,  all  the  steam  passing  through  the  re-heatei 
was  allowed  to  flow  into  the  tank  on  the  scales  where  it  wa 
weighed. 

As  mentioned  by  the  writer,  there  was  no  temperature  takei 
of  this  water,  but  it  is  fair  to  sav  that  it  was  Yiot  above  100  des:recj 

The  amount  of  water  used  by  the  rcrheater  under  the  differer 
loads  given  in  the  table  of  the  test  ^o,  2  of  my  paper  is  as  follows 

Test  at    },    lo.id.  steam  used  per  I.  H.  P.  per  hour  1.26  lbs. 

t«  •<&  •<  •<  ><  •<  *t  **  ''I'OI** 

it  <».7.  <>  <>  <<  <<  *t  **  *<           AQ     ( ( 

it  <<  -fill]  '<  <<  **  t<  **  <*  **           KA     ** 

t<  <<   1.1.  >(  c<  «<  (<  t(  ((  t(            KA      (< 

Heferring  to  remarks  made  during  the  discussion  in  which  c 
ce])tioii  was  taken  to  the  conclusions  reached  in  the  paper  concei 
ing  the  advantage  of  th(»  short  stroke  engine  as  regards  econoni 
the  writer  would  say  that  he  has  been  called  upon  to  make  te 
of  a  groat  nuiiihcr  of  engines  similar  to  the  one  described  in  t 
pai)er,  and  it  is  fair  to  say  that,  in  each  and  every  case,  he  1 
found  th<^  economy  to  exceed  tliat  of  the  Corliss  engine,  eitl 
medium  or  long  stroke,  under  similar  conditions. 

The  results  cited  by  the  writer  on  the  engine  of  300  hor 
power,  with  a  stroke  of  17^  inches,  speed  225  revolutions  ] 
minute,  were  at  most  economical  ])oints  less  than  15  pounds,  w 
125  pounds  of  steam  and  23  inches  vacuum  and  mthout  8 
re-heating  receiver. 
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The  writer  has  also  in  mind  another  test  which  he  was  called 
upon  to  make  on  a  simple  four  valve  engine  of  this  type,  size 
15  X  15;  speed,  180  revolutions;  horse-power,  135;  steam  pressure, 
120  pounds  at  the  throttle,  non-condensing.     The  results  obtained 
from  this  engine  were  23.4  pounds  per  indicated  horse  power  per 
hour,  which  is  as  good  as  the  best  obtained  from  either  long  or 
medium  stroke  Corliss  machine  or  other  engines  of  similar  design. 
Referring  to  Professor  Carpenter's   part   of   the   discussion: 
the  writer^s  experience  has  been  that,  with  the  governor  advanced 
as  is  done  on  the  Fleming  four  valve  engine  (thus  decreasing  the 
lead  to  zero  at  the  lighter  loads),  in  controlling  the  speed  of  the 
en^ne,  the  initial  pressure  must  be  throttled  as  the  steam  enters 
the  high-pressure  cylinder,  especially  on  the  light  loads;  if  this 
were  not  the  case  the    engine    would    run  away,  therefore  the 
lighter  the  load  the  less  the  initial  pressure  in  the  cylinder.     This 
i"^  true  no  matter  what  the  pressure  is  at  the  throttle,  so  had  all 
the  tests  been  nuide  with  the  same  pressure  at  the  throttle,  in  the 
writer's  opinion  the  results  could  not  have  varied  greatly.     The 
engine  carries  a  certain  load  at  a  certain  speed,  and  as  the  regula- 
tion is  very  close  for  all  changes  of  load,  the  initial  pressure  is  cut 
<io\vn  in  order  to  maintain  a  speed  practically  constant  under 
varying:  loads. 

Referring  to  ^fr.  Kockwood's  remarks  during  the  discussion, 
the  clearance  in  the  low-pressure  cylinder  of  this  engine  was 
'h'termined,  as  mentioned  by  the  writer,  by  carefully  calculating 
the  volumes  from  <lra wings. 

The  pistons  ran  within  about  ^  inch  of  the  cylinder  head.  The 
W'»rk  of  calculating  this  clearance  was  very  carefully  done  and 
was  ifone  over  by  several  different  people,  so  that  the  writer  is 
<*<»ntident  that  the  calculations  are  correct. 

A  reference  to  the  cross  sectional  drawing,  Fig.  71,  will  show 
that  the  valves  lay  very  close  to  the  cylinder,  and  that  there  is  no 
<^l^arance  in  the  exhaust  valves  at  all,  they  being  single  ported, 
wd  the  only  portion  of  the  steam  valves  which  entered  the  clear- 
•Dce  is  the  narrow  part  through  the  valve. 

It  m\\  1)0  remembered  in  the  ordinarv  form  of  Corliss  exhaust 
viire  there  is  quite  an  amount  of  space  in  the  valve  which  must 
hf  taken  into  the  clearance,  this  possibly  has  something  to  do 
'rith  the  comparatively  small  amount  of  clearance  in  the  cylinder 
^'f  this  t}T>e  and  stroke  as  compared  with  what  can  usually  be 
^'I'tained  with  a  Corliss  form  of  valve. 
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The  claims  made  in  the  paper  r^arding  the  ecaBomy  oi 
engine  are  intended  to  mean  that  the  net  efficiency  of  an  ei 
of  this  type  is  liigher  than  can  be  obtained  from  the  long-st 
slow-speed  engine,  because  of  the  combination  of  low  steam 
sumption  per  horse  power;  more  perfect  regulation  on  ace 
of  the  use  of  the  shaft  governor;  economy  of  oil  on  aceon 
self  lubrication;  reduced  amount  of  floor  space  and  found 
as  compared  with  the  slow  speed  engine,  and  if  direct  conn 
very  much  reduced  cost  of  generator  on  account  of  the 
rotative  speed. 
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A  COMPACT  GAS  ENGINE:  BEAM  TYPE. 

BT  C.  H.   MORGAN,  WORCKSTER,  MASS. 

(Member  of  the  Society.) 

1.  Having  had  an  experience  of  35  years  in  the  manufacture 
and  use  of  gas-producers  and  producer-gas,  it  has  been  the  pleasure 
of  the  writer  to  feel  something  of  the  possible  future  of  the  gas 
^n^ne  and  to  endeavor  to  add  something  to  its  development  and 
perfection. 

-.  This  lias  been  done  collaterally  to  other  and  more  pressing 
'I'lnands  but  alwavs  with  unabated  confidence  and  interest. 

a 

•t  In  conmion  with  others  the  enormous  gaseous  wastes  of  the 
''ln.^t  furnace  and  coke  ovens  has  been  a  tempting  field  for  re- 
i^^nrch  and  exploitation.  Our  esteemed  fellow  member,  Mr.  II. 
II.  Campbell,  in  his  '*  Manufacture  and  Properties  of  Iron  and 
'^feel,"  strikingly  calls  attention  to  the  fact  that  while  the  blast 
furnace  is  primarily  a  j)roducer  of  iron,  it  is  a  gigantic  gas  pro- 
'liiccras  woll.f 

4.  Like  the  <le]>en(lence  of  the  steam  engine  upon  its  boiler  for 

iiniforiiiity  and  rjuality  of  steam  so  is  that  of  the  gas  engine  upon 

file  producer  for  suitable  gas.     Nor  is  such  gas  easily  obtained. 

liliist  furnace  and  producer  gas,  especially  the  former,  contain 

':iri:e  amounts  of  dust  which  comes  from  the  ores,  limestone  and 

.'^h,  and  which  is  driven  out  with  the  blast.    This  dust  has  been  the 

/W^  noir  of  the  gas  engineer  in  attempted  utilization  of  the  gas. 

rioirping  the  checker  work  and  flues  wh(»n  used  for  reheating, 

ini|KMiiiig  combustion  when  burned  under  boilers,  and  cutting  and 


•  Prpsi-nled  at  the  Now  York  meetiner  (Decern l)er.  1908^  of  tbe  American 
Soriety  of  Mechanical  Engineers,  and  forming  part  of  Volume  XXV.  of  the 
Tran§ftrtioTi9. 

f  Mr.  C'ampbeU  has  made  a  valuable  suggestion  in  his  **  Metallurgy  of  Iron 
lod  Steel."  (?^ee  pajjo  VIA.)  Me  says  :  •*  It  is  quite  possible  that  the  exhaust 
gwt^  fr'»ra  th«  k-as  engine  can  be  profitably  employed  to  heat  the  blast  in  tbe 
gtori-s  fif  the  blast  furnace.'* 
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pinding  vital  parts  of  the  machine  when  used  in  gas  engines. 
Vinous  devices  for  "  washing "  or  eliminating  the  dust  bave 
been  devised,  when,  in  tlie  year  1900,  German  engineers  discov- 


Fio.  7(1. 

ired  the  value  of  passing  the  gas  through  a  simple  centrifugal 
fan  blower  injected  with  a  small  spray  of  water.  Tlie  result  lias 
bem  cxcPCflingly  promising  and  when  perfected  will  doubtless 
»Ive  the  troublosomo  problem. 


248  A  COMPACT  GAS  ekoine:  beam  type. 


A  coMi'ACT  r,.\s  kxoim::  ukam  type.  249 

'<.  This  engine,  as  illiistratnl  in  tliis  paper,  operates  on  tho 
tff(M:rcl8  principle  with  an  explosion  at  evcrv  downward  stroke 
nt  Ibe  piston.  Two  compressors,  one  for  pas  and  one  for  air, 
furaiA  the  engine  with  its  charges  of  gas  and  air,  and  provide  air 
Sir  BcaTeDging.  The  exhaust  is  through  ports  in  the  cylinder 
niu'fii  ire  imcovered  hy  the  piston  near  the  end  of  its  downward 
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•triiko;  tlma  avoiding  the  use  of  water-t-ooleil  exJianst  valves  and 
ili>'  nicchantsm  which  wonld  be  roqniretl  to  operate  tliem.  It  eaii 
al--"lic  oiK-rated  on  the  fonr-eyele  system  by  slight  ehaugea. 

H.  The  engine  herein  des(Tihr<l  has  heen  designeil  with  special 
rpfcrenee  to  the  nse  of  sneh  hlast  fnniaee  and  pro.liieer  gases, 
ibc  working  beam  type  of  engine  and  heiit  lever  beam  have  been 
•■\ifift\  for  the  following  reasons: — 

'.  It  allows  the  cylinders  to  be  jilaeed  npright,  the  balaneing  of 
'111'  [lislous  and   tln'ir  eonnecting  rods;  it  snbjeets  the  cylinder 
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walls  to  much  less  pressure  from  the  pistons,  reducing  the  fric- 
tion to  a  minimum.  During  the  first  half  of  the  working  stroke 
the  average  pressure  of  the  piston  on  the  walls  of  the  cylinder 
is  100  pounds  per  square  foot  of  surface.  Figure  78  shows 
(lia^rammatically  a  striking  comparison  between  the  beam 
tjpe  of  engine  and  the  ordinary  horizontal  type  with  trunk  piston 
direct  connected  to  crank  shaft.  Two  cases  of  the  latter  type  are 
illustrated,  one  with  the  connecting  rod  of  a  length  of  5  and  the 
other  6  cranks  respectively.  The  abscisssB  represent  points  in 
the  working  stroke  while  the  ordinates  represent  total  pressures 
in  pounds  on  the  cylinder  wall  due  to  the  angularity  of  the  con- 
necting rods.  The  distance  between  each  of  the  horizontal  cross 
lines  is  equivalent  to  1,000  pounds,  and  the  distance  between  the 
vertical  cross  lines  to  two  inches  of  piston  stroke. 

'^.  The  bent  lever  beam  also  gives  us  the  least  pressure  against 
the  wails  of  the  cylinder  during  that  part  of  the  working  stroke 
when  there  is  the  highest  speed  of  the  piston,  and  also  facilitates 
the  lubrication  of  the  piston  and  the  piston  connecting  rod  pins. 

Compactness. 

^.  The  John  Cockerill  Co.,  of  Seraing,  Belgium,  who  were  pio- 
neers in  the  construction  of  large  gas  engines  using  blast  furnace 
gas  purpose  exhibiting  a  3,000  horse-power  gas  engine  at  the 
St.  liouis  Exposition  in  1904.     An  official  statement  gives  the 
fluor  space  to  be  occupied  by  this  engine  as  85  feet  x  45  feet 
{^2o  scjuare  feet).    A  pair  of  engines  of  the  beam  type  arranged 
for  blast  furnace  duty  with  a  capacity  of  3,000  brake  horse-power, 
although  of  the  same  power  as  the  Cockerill  engine  require  a 
space  of  only  24  feet  x  32  feet  (768  square  feet)  one-fifth  the 
jpace. 

10.  Each  of  the  inlet  valves  of  the  engine  is  a  combination  of  the 
mushroom  or  poppet  valve  and  cylindrical  valves  with  ports  for 
^s  and  air,  all  the  valves  being  arranged  on  one  stem.     The 
cvlindrical  valves  have  radial  partitions  which  facilitate  the  mix- 
ture of  gas  and  air  before  entering  the  cylinder,  thus  securing 
prompt  ignition  at  the  first  part  of  the  working  stroke  and  a  cor- 
n*rp<»n<lin^  high  efficiency.     The  air  ports  and  poppet  valves  are 
'>p(ned  in  advance  of  the  gas  ports  so  as  to  thoroughly  scavenge 
tli<'    cylinder.       Figure     79     shows     the     inlet     valve     in     sec- 
tion   in    throe    characteristic    positions.      The    left    hand    figure 
n^resents  the  valve  closed,  the  central  figure  in  a  scavenging 
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position  and  the  right  hand  figure  the  position  of  the  valve  when 
fully  open.  The  proportion  of  gas  and  air  can  be  varied  while 
the  engine  is  running  by  rotating  the  valve  slightly  upon  its  axis 
by  means  of  the  handle  shown  in  the  illustration. 

11.  The  valve  gear  is  of  the  releasing  or  Corliss  ty])Cy  with  dash 
pots  to  secure  quiet  closing.  The  valve  gear  is  operated  directly 
from  the  working  beam  without  eccentrics  or  cams,  which  reduces 
the  lubrication  and  care  usually  required  in  steam  and  gas 
engines.  Figure  80  shows  the  valve  gear  as  adapted  for  use 
in  a  two-cylinder  engine.  The  piston  of  the  left  hand  cylinder 
has  completed  its  downward  stroke,  the  scavenge  lever  during  the 
latter  part  of  this  stroke  has  raised  the  valve  to  the  position 
shown  in  the  illustration,  which  allows  the  trigger  to  engage  with 
the  valve  slide  and  continue  the  raising  of  the  valve,  opening  the 
gas  ports,  as  the  piston  starts  on  its  upward  stroke. 

12.  This  trigger  is  under  direct  control  of  the  governor  which 
effects  through  its  connections  the  tripping  of  this  trigger  at 
varying  points  in  the  stroke,  as  determined  by  the  load  on  the 
engine.  This  tripping  allows  the  valve  to  return  to  its  seat,  the 
dash  pot  preventing  any  shock  due  to  closing.  The  right  hand 
valve  gear  is  shown  in  its  highest  position,  the  trigger  having 
been  tripped  by  the  action  of  the  governor. 

13.  Each  cylinder  of  the  engine  i-s  provided  with  two  ignition  or 
spark  plugs  so  that  in  case  of  failure  the  current  can  be  smtchcd 
from  one  to  the  other  without  stopping  the  engine.  The  timing 
of  the  ignition,  so  that  the  spark  may  come  before  passing  the 
center,  at  the  center,  or  at  any  required  part  of  the  working 
stroke  is  accomplished  by  a  movable  disc  which  can  be  changed 
instantly  to  any  required  position  when  the  engine  is  running  at 
full  speed. 

14.  Fig.  75  sho^vs  a  two-cylindor  engine  of  the  beam  type  with 
two  vertical  single  acting  motor  cylinders  and  one  vertical  double 
acting  blowing  cylinder  of  1,500  brake  horse-power.  The  con- 
necting rods  work  on  the  same  crank  pin  and  are  at  an  angle  of 
90  degrees,  an  arrangement  of  recognized  merit. 

15.  Fig.  76  represents  the  interior  of  a  power  station  with  over- 
head travelling  crane.  The  groiip  of  engines  sho\vn  is  made  up  of 
units,  of  1,500  horse-power  each,  using  blast  furnace  gas  and 
arranged  for  furnishing  blast  for  the  furnaces. 

16.  Fig.  77  shows  an  elevation  partly  in  section  of  the  engine 
without  blowing  tube. 
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17.  Fig.  81  is  a  connection  diagram  for  a  beam  and  a  dire 
nected  type  of  engine.  It  shows  the  amount  of  angularity 
connecting  rods  and  the  points  in  the  stroke  at  which  the 
larity  is  a  maximum. 

18.  These  then  are  the  lines  along  which  my  efforts  ha\ 


made.  They  are  brought  to  the  attention  of  the  Society  \ 
h()i)e  tliat  thev  will  iiiv(^  some  measure  of  interest  and  entl 
in  this  highly  important  Held. 

lU.    If  the  wastes  of  the  old  g<»neration  are  the  profits  of 
then  large  dividends  are  waiting  us  in  the  squandering 
past. 


DISCUSSION. 

•!?.  .4.  Reeve, — I  should  like  to  refer  to  the  statement  made 
iper,  quoting  the  remark  of  Mr.  Campbell  where  he  de- 
gas-engine  as  "  a  cannon  \nth  its  projectile  fastened  to 
k-shaf t,"  *  to  say  that  that  quotation  voices  a  view  of  the 
•s  of  the  gas-engine  which  I  find  to  be  quite  common, 

h  I  vet  believe  to  be  a  totallv  mistaken  view.     The  com- 

•  I. 

I  is  that  when  a  gas-engine  piston  starts  upon  its  stroke 
s  struck  against  the  crank-pin.  Xow  we  know,  from 
)lest  forms  of  construction,  such  as  the  hammer,  that 
ist  be  velocity  of  motion  destroyed  in  order  to  develop 
but  in  the  gas-engine  there  is  no  such  thing.  At  the 
of  explosion  no  motion  is  developed,  to  be  destroyed 
ig  the  blow,  and  hence  there  can  be  no  impact.  What 
on  tliere  may  have  been  in  the  engine-connections  has 
l)oen  taken  up  by  the  compression  of  the  charge,  and 
»  expl<)si<m-pressure  is  fornuMl  in  the  cylinder  it  comes 
)iston-head  decidedly  mow  gently  than  it  does  in  the 
he  steam-engine;  luvause  in  the*  steam-engine,  when  the 
>pen(»d,  the  steam  rushes  in  at  a  very  high  velocity,  there 
1,  which  is  destroyed  against  the  piston,  and  there  is  a 
ick.     But  in  the  gas-engine  there  is  no  such  thing.     The 
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There  is,  thus,  in  gas-engines,  a  very  great  range  of  fluid- 
pressure  (luring  eacli  stroke,  and  a  corresponding  need  for  allow- 
ance for  it  in  designing  them.  This  allowance,  in  Mr.  Morgan's 
plan,  has  been  acconi])lislied  by  providing  a  very  much  increased 
weight  of  reciproeating  i)arts,  to  take  up,  by  its  inertia,  this 
excessive  initial  i)ressure.  In  addition  to  those  parts  present 
in  the  ordinary  gas-engine:  the  piston  and  the  primary,  single- 
acting  connecting-rod,  there  enters  into  this  design  the  team 
and  the  sec'ondary,  dnul de-acting  connecting-rod.  In  the  first 
idacif,  there  are  two  pistons  and  primary  rods,  whereas  the  most 


Fig.  82. 

coniTiioii  design  of  gas-engine  lias  only  one  of  each.  Secondl; 
tlie  beam  itself  is  <|iiite  a  h<'avy  })ii*ce  of  metal;  but  its  momci 
of  inertia  is  not  so  strikingly  great  as  might  appt^ar  at  first  sigl 
to  be  the  case;  its  radius  of  gyration  is  so  smalL  Thirdly,  tl 
main  connecting-rod  docs  |>reseut  a  good  deal  of  inertia,  but  t 
more  so  tluni  any  other  connecting-rod  for  carrying  the  san 
amount  of  power.  You  will  note  the  parts  on  this  diagram  Fig.  T 
Tlu^  f<»r<'es  at  work  u])on  the  ilitTcrcnt  pins  in  the  engine  luP 
been  carefnllv  worked  out,  an<l  I  ciin  show  vou,  from  the  resul 
of  this  work,  the  uses  of  these  in<'rtia-forces  for  modifying  tl 
effective  forces  at  work  upon  the  crank-pin.     They  are  displays 
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in  Fig.  82.  At  AB  you  see  represented  the  center-lines  of  motion 
of  the  two  pistons.  AB  is  the  axis  of  one  cylinder;  CD  is  the  axis 
of  the  other.  EF  is  the  arc  of  motion  for  the  first  wrist-pin,  and 
GH  is  the  other.  From  an  initial  projected  indicator  card — which, 
I  might  say,  was  made  the  worst  possible  for  the  ends  desired, 
with  a  perfectly  vertical  explosion-line  rising  to  a  peak  some 
50  pounds  per  square  inch  higher  than  would  usually  or  properly 
occur — was  calculated  the  effect  of  the  combined  forces  upon 
the  different  pins.  You  will  notice  that  there  is  no  reversal 
of  the  forces  except  at  dead  centers,  and  that  the  forces  are 
very  much  more  constant  on  the  crank-pin  than  they  are  in  the 
oripnal  fluid-action  upon  the  pistons. 

The  forces  acting  upon  the  main  wrist-pin  are  shown  by  the 
I'ums  KL,  There  is  a  very  heavy  initial  force  at  the  beginning 
of  each  stroke,  but  the  peak  shown  there  is  more  or  less  hypothet- 
ical in  chanicter  and  is  much  exaggerated  over  actual  probability. 
Huring  the  rest  of  the  stroke  the  pressure  upon  the  pin,  going  in 
«'itli(T  direction,  is  fairly  constant. 

The  diagram  at  the  right  show«  the  final  net  resultant 
forces  at  work  upon  the  crank-pin,  at  each  ten-degree  divi- 
i^iou  of  its  revolution,  including  fluid-pressure,  inertia  of 
hH  parts  and  the  weight  of  the  main  connecting-rod. 
Tkw  forces  coming  to  the  pin  along  the  connecting-rod  are 
^howa  by  arrows  in  the  direction  of  its  axis.  Compounded  with 
them  are  the  axial  and  vectoral  inertia  and  the  weight  of  the 
<*<»nneeting-rod,  to  give  the  final  resultant.  In  the  diagram  in 
^lie  right  hand  upper  corner  are  displayed  the  tangential  effects 
'•f  these  same  net  resultants.  In  order  to  avoid  confusion  of 
lines  their  magnitude  is  displayed  by  radial  arroAvs  extending  from 
the cireunif erenee  outwardly;  but  their  true  direction  is  tangential, 
at  the  point  whence  the  arrow  ris(^. 

I  think  that  it  has  been  urged  that  engines  of  an  explosive 
t}l)e  having  heavy  reciprocating  parts  cannot  be  rim  at  high 
pHton-speeds.  This  engine  has  a  piston-speed  of  810  feet  per 
Riinute;  but  to  show  what  it  would  do  at  even  higher  piston- 
^P^eds  I  have  had  projected  here  by  Mr.  Gifford  a  diagi'am 
^howin^  the  effective  forces  upon  the  crank-pin  under  a  piston- 
^M  of  1,000  feet  pc^r  minute  (exhibiting  Fig.  83).  This  peak 
*'  the  beginning  of  the  stroke  is,  as  before,  due  to  more  or  less 
h}'pothotical  conditions  of  operation.  At  this  point  in  the 
^^ke  the  pressure    upon    the    crank-pin    becomes  almost  zero. 
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This  <]rop  in  pressure  at  this  point  might  hare  been  avoided  Vy 
a  iuo<]ifieation  in  tlie  design  had  it  been  one  of  the  objects  in 
^iew  to  attain  a  high  piston-speed.  Those  ordinatea  are  marked 
off  at  10,000-pound  intervals.  This  diagram  has  been  gotten  np 
to  show  that  an  engine  of  this  type,  with  a  very  heavy  triangidir 


Via.  83. 


l)cnm  and  throe  conneeting-ro<ls,  can  be  operated  at  a  piston- 
speed  at  high  art  1,0(10  feet  per  minute  ^-ithout  any  reversal  of 
the  forces  iicfing  npun  tlie  ei-ank-pin,  except  at  or  near  dead-emter- 
Mr.  li.  II.  Thwailr. — I  liad  no  idea  tliat  I  should  be  called  into 
a  disnissinn  on  the  subject  of  liigh  power  gas  engines  at  this 
meeting.  It  has  been  impossible  for  nie  to  read  the  paper  tba' 
has  been  presented  to  you  with  the  care  it  deserves;  and,  as  1 
liavo  promised  your  Freiiident  that  I  would  prepare  a  paper  fo* 
your  Society  at  your  next  meeting,  I  think  you  will  perhtp- 
appreciate  what  1  have  to  say  upon  the  subject  of  gas  engine' 
better  if  you  wait  until  that  time.  Professor  Reeve  has  alread' 
answered  one  of  the  main  mistakes  in  this  paper,  namely,  tU' 
impression  that  the  gas  engine  is  an  c.tplosive  engine.  It  * 
nothing  of  the  sort.  In  the  early  days  of  the  free  piston  tlif 
statement  miglit  possibly  have  been  correct.  Now  we  obtain  wi* 
g;is  of  1 00  ti.  1  Hi  H.  T.  r.  a  card  whi.ili  is  quite  different,  and  ot» 
that  produces  a  more  salisfuctory  crank-turning  effect.    Instead  ^ 
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he  first  page  of  Mr.  ilorgan's  paper,  that  "  it  is  possible 
aust  gases  from  the  gas  engine  ean  be  profitably  em- 
)  heat  the  blast  in  the  stoves  of  the  blast  furnace."  I 
'  thermal  value  of  the  exhaust  gases  is  so  low  as  not  to 
I  anything.  In  our  engine  it  is  not  much  above  450 
Fahrenheit,  and  if  you  divide  that  temperature  by  half 
see  that  for  all  practical  purposes  it  Avill  be  of  no  use 
3last  stoves  of  blast  furnaces. 

[organ  drew  attention  to  the  fact  that  Mr.  Campbell 
t  the  blast  furnace  gas  is  a  primary  producer  of  iron 
a  gigantic  gas  producer.  That  is  true.  But  the  ordi- 
ducer  gives  a  gas  of  a  thermal  value  of  150  to  200 
whereas  blast  furnace  gas  has  a  thermal  value  of  no 
m  120  British  thermal  units,  and  sometimes  as  low^  as 
U.,  a  vast  difTerence;  indeed  you  must  highly  compress 
I  its  thermodynamic  value.  All  vou  have  to  do  is  to 
;  it  enough  and  then  you  will  fire  it  with  absolute  or 
'al  certainty. 

?Q  also  that  Mr.  ^forgan  speaks  about  the  difficulty  of 
ast  furnace  because  of  the  dust  it  contains,  which  he 
ra  has  been  the  bete  noir  of  the  gas  engineer.  Some 
rs  ago  I  killed  this  black  beast  and  I  have  never  had 
ible  with  it  since.  In  every  instance  of  the  proper 
on  of  my  system  it  has  been  a  decided  and  continuous 
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my  system  for  treating  and  purifying  the  blast  furnace  gases.  I 
would  ask  Professor  Reeve  if  we  are  to  understand  that  this 
d(»sign  has  ever  been  carried  out  practically,  or  is  it  merely  an 
academic  design  ? 

Mr.  Reeve. — It  is  alreadv  in  construction. 

Mr.  TInraife. — I  am  not  going  to  criticize  this  design  severely, 
Ix'cause  1  always  l(K)k  with  sympathy  upon  a  new  mechanical 
development — and  I  hope  this  one  wdll  have  a  thorough  trial;  I 
notice  that  I^rofessor  Keeve  has  already  answ^ered  one  jmnX 
which  occurred  to  me  as  a  difficulty,  and  that  is  the  question  of 
the  ])iston  speed.  When  I  saw  this  design  I  certainly  thought 
h(»  would  have  sonu»  difficulty  in  getting  the  ideal  piston  speed 
to  secun*  the  best  thermal  results.  There  is  a  certain  piston 
speed,  i.e.,  800  to  000  foct  per  minute,  which  enables  you  to  get 
the  best  thermal  results  out  of  the  gas  engine;  and  if  Profeiiisor 
Keeve  tells  me  that  you  can  g(?t  the  speed,  why,  then  you  will 
get  a  good  th(M'mal  effect. 

Then  I  notice  that  he  has  in  the  design  a  vertical  blowing 
eylinder.  J  have  had  a  vc^rtical  blowing  cylinder  for  my  quarter 
crank  blowing  engine  all  the  time,  and  this  gas  engine  of  mine 
works  admirably  and  has  given  the  greatest  possible  satisfaction 
I  work  it  at  a  s})eed  of  120  revolutions,  and  I  get  a  reraarkabl,^ 
steady  air  pressure  all  the  time.  There  is  no  more  variatioi 
than  one-eighth  of  an  inch  of  the  mercury  gauge,  and  the  engin 
works  constantly  night  and  day  and  for  thirty-six  days  witliou 
a  stop. 

Th(»  final  ])art  of  Air.  ^I organ's  ]>aper,  which  commenced  ^^*it 
a  great  di-al  of  interesting  philoso])hy — and  that  reminds  ni 
that  y(m  have  in  this  mi^eting  gentli»men  who  are  really  pliilo^ 
ophers  and  wdio  are  recall v  verv  wittv,  for  yesterday  vou  ha 
scientific  reasoning  gilded  with  humor,  especially  in  the  pajK 
pn^'Uted  by  ^Mr.  Harth.  Finally,  I  find  in  Mr.  Morgan 
])a]>er  this  statement:  ^' Tf  the  wastes  of  the  old  gener 
tion  are  the  profits  of  the  new  then  large  dividends  are  waitir 
us  in  the  s(|uandering  of  the  past."  I  quite  agree  with  thi 
statement.  1  believe,  gentlemen,  that  it  is  your  duty  as  ei 
ginecrs  to  give  some  attention  to  this  (piestion  of  the  intern; 
coml)Ustinn  engine.  I  know  you  will  be  able  to  improve  up<: 
it,  and  vou  have  here  a  subieet  that  is  deserving  .of  vtmr  mo 
serious  attention;  it  is  a  tree  of  knowh^Ige  that  deserves  yoi 
care,  and  I  believe  you  wdll  eventually  reap  satisfactory  fni 
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from  it.  ^Ir.  Morgan  also  speaks  of  tlie  fearful  power  wastes 
of  blast  and  coke  furnaces.  Yon  must  bear  in  mind  that  at 
present  yon  cannot  continue  operations  when  the  demand  falls 
for  pi^  iron,  but  with  the  new  source  of  profit  from  the  sale  or 
use  of  power  the  blast  furnaces  may  be  kept  in  operation,  Avhich 
under  the  present  conditions  w^ould  be  blown  out.  Certainly 
blast  furnace  gas  is  absolutely  ideal  for  generating  power  by 
Jireet  combustion,  and  is  the  best  potential  power  next  to  water- 
falls in  existence. 

(Jentlemen,  I  thank  vou  for  vour  kind  attention. 

J/r.  //.  II,  Suplee. — I  desire  to  call  attention  to  what  appears 
to  be  an  error  in  the  p^per  regarding  the  action  of  the  old 
explosive  gas  engine,  ilr.  Campbell  described  the  gas  engine 
as  a  jrun  whose  projectile  was  connected  to  a  crank  shaft,  but 
that  statement  is  not  quite  correct  if  he  was  referring,  as  I  sup- 
jH»se,  to  the  old  Otto  6z  Langen  engine.  In  that  engine,  the 
iiniiie<liate  j)re(lecessor  of  the  modern  four-cycle  engine,  tlie 
piston  was  not  positively  connected  to  the  crank-shaft,  the  design 
iK'inir  ^\''hat  is  termed  a  ''  free  piston  "  engine,  the  piston  rod 
Ixiiiir  a  rack  gearing  into  a  pinion  on  the  crank  shaft  and  con- 
ntrted  to  it  by  a  ratchet  and  pawl.  The  piston  w^as  undoubtedly 
a  I^rojectile,  but  when  it  was  shot  upwards  it  was  not  connected 
'«►  the  shaft,  tlie  i)ower  stroke  being  made  by  the  downward 
stroke  of  the  piston,  this  stroke  being  due  to  the  atmospheric 
pn'ssure'on  top  of  the  piston,  a  vacuum  being  formed  under- 
'»*ath  after  the  explosion. 

J/r.  Thwaiie. — I  was  only  referring  to  the  explosion  on  the 
I'i^ton.     That  is.  what  I  had  reference  to. 

J/r.  \y.  If.  Morse. — I  am  interested  in  this  discussion  because 

• 

Jt  seems  to  advocate  the  vertical  as  against  the  horizontal 
''}liiuler.  As  a  nuitter  of  history,  I  think  the  Westinghousc^ 
^'•iiipany  some  two  or  three  years  ago  developed  a  vertical 
''Jpine  of  com]>aratively  high  power.  If  any  Westinghouse  men 
^r^*  present  I  should  like  to  in(iuire  why  it  is  that  of  late  in  a 
number  of  j)aj)ers  we  see  illustrations  of  a  1,500  horse-power 
''*>nl)|(>  acting  tandem  engine  with  horizontal  rather  than  vertical 
t'.vh'ndcrs. 

J/r.  A\  A.  Vehling. — There  is  no  question  before  The  !Mechan- 
\n\  En^'ineers  and  th(»  iron  manufacturers  of  this  country  of 
/greater  ini[>ortance  than  that  of  the  utilization  of  blast  furnaces 
P^:^  in  internal  combustion  engines.     Scmio  time  ago  I  took  the 
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pains  to  (l(4oriiiino,  as  iioarlv  as  mi^lit  be,  the  power  that 
now  wasted  in  the  manufacture  of  iron.  The  method  of  pr 
e(»(lur(»  and  results  obtained  were  published  iu  the  Stevens  I 
slitute  Indicator  in  a  paper  called  *'  The  Blast  Furnace  as  a  Pow( 
l^ant."  Taking  as  near  as  possible  the  average  practice  of  tli 
country  and  tlu*  output  of  pig  ii'fin  of  1902  as  the  basis  of  ca 
cuhition,  I  found  that  there  are  in  excess  of  one  and  thre< 
(piarters  millions  of  horse  powTr  going  to  waste  in  the  mam 
faeture  of  pig  iron  in  the  United  States.  Since  then  1  have  b 
the  oj)portunity  of  invc»stigating  the  gases  of  several  plants,  an 
1  find  that  my  figures  are  too  low.  In  my  calculations  I  fouD 
that  there  were,  over  and  above  the  power  requirements  of  tl 
blast  furnaces  thc^mselves,  and  allowing  sufficient  gas  for  heatii 
of  the  bhist,  S4()  horse  j)ower  per  ton  of  iron  produced  per  hou 
avaihi1)Ie  for  outside  ]niq)os(»s.  In  one  plant,  for  instance,  tli 
1  iuvestigated  where  they  operate  four  blast  furnaces  and  a  lar| 
steel  works,  if  all  the  gas  available*,  after  deducting  what 
neeessarv  to  heat  the*  blast,  were  utilized  direct  in  efficient  g 
engines,  there  would  remain  over  and  above  the  20,000  hor 
power  a1)out  18,000  horse  power  for  sale.  The  available  si 
])his  j)ower  will  differ  at  different  plants  because  it  depends  • 
the  class  of  iron  made,  the  kind  of  fuel  used  and  the  eharact 
of  ore  smelted;  but  it  is  in  no  case  less  than  800  horse  po^ 
per  ton  of  iron  manufactured  per  Inmr. 

There  seems  to  have  l>een,  es])ecially  in  this  country,  gr( 
hesitiniey  in  n^eeiving  this  idea  of  utilizing  blast  furnace  { 
direct  in  gas  engin(»s,  and  on  the  first  casual  glance  it  would  se 
as  tlmuirh  there  could  not  be  much  in  it,  because  it  is  a  verv  Ic 
gas,  having  only  less  than  J  the  calorific  power  of  water  pe 
but,  as  Mr.  Thwaite  has  just  stated,  it  is  none  the  less  an  id 
gas  for  internal  couibustion  engines,  and  when  you  come 
figure  it  through  to  the  exph>sive  mixture  it  is  not  a  lean  { 
i.e.,  the  heat  effect  does  not  differ  so  much  in  the  explosive  ii 
ture  in  the  engine  as  might  be  expectc^l  from  the  difference 
calorific  power.  For  instance,  take  an  illuminating  gas  o 
heat  value  of  7<>4  r>ritish  thernuil  units  per  cubic  foot,  w 
mixed  with  the  theoretical  air  n^cpiired  for  complete  combusl 
it  has  only  lOl.s  heat  units  per  cubic  foot.  An  average  b 
^'urnace  gas  with  only  ST.o  l^ritish  thermal  units  per  cubic  : 
makes  a  th(»orctical  mixture  of  {\s.\)  heat  units  per  cubic  f 
Thus  we  see  that  while  the  illuminating  gas  has  nearly  9  ti 
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orilic  power  of  the  blast  furnace  gas,  when  mixed  with 
at  air  for  complete  combustion  it  has  less  than  1.5  the 
hie  of  a  similar  mixture  of  the  latter.  Adding  the  neces- 
;cess  of  air  brings  them  still  closer  together.  Illuminat- 
i  requires  nearly  10  times  the  air  necessary  for  blast  fur- 
is;  besides,  the  elements  in  illuminating  gas  do  nftt  lend 
Ives  to  high  compression,  because  you  are  liable  to  get 
ure  explosions;  Avhereas  the  elements  in  blast  furnace  gas 
ly  lend  themselves,  but  it  is  a  necessity  that  they  should 
ily  compressed  in  order  to  make  the  explosion  a  certainty; 
largely  due  to  the  high  percentage  of  CO^,  which  is  a 
etarder.  of  combustion. 

F,  E.  Jones, — I  wish  a  little  more  information;  I  wish 
;ht  know  where  this  horse  power  is  from — whether  it  is 
ting  poAver  of  the  gas  or  the  great  power  of  the  engine? 
Uehling. — This  rating  is  done  by  taking  the  heat  units  of 
,  determined  by  calorimeter  and  checked  by  analysis,  and 
ag  an  efficiency  of  twenty-five  per  cent,  in  the  engine, 
better  has  been  done  than  that.  I  believe  it  has  been 
p  to  thirty-two,  and  I  think  some  tests  have  been  made 
thirty-five  has  been  realized,  but  I  have  taken  twenty-five 
it.  as  a  basis,  which  I  think  is  in  every  way  conservative. 
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Mo.  1034.* 

TESTS  OF  A    COMPOUND  ENGINE   USING  SUPEB- 

HEATED  STEAM. 

BY   PROF.   I).   H.   JACOBl.'B,   UOROKKX,  K.  J. 

(Member  of  the  Society.) 

1.  The  engine  on  Avliich  the  tests  were  made  was  located  at 
tlie  Millboiirne  ^lills  in  Philadelphia.  It  is  of  the  Eice  and 
Sargent  horizontal,  cross-compound  condensing  type  especially 
designed  for  using  highly  superheated  steam.  A  Schmidt  8upe^ 
heater  is  used  for  superheating  the  steam. 

2.  The  tests  were  made  to  det<?rmine  whether  certain  gua^ 
antees  were  fulfilled    Avliich   were    made  by  the  builders — ^the 
Providence  Engineering  Works.     The  work  was  done  conjointly 
by  Air.  A.  C.  Wood  and  the  writer,  Mr.  Wood  representing  the 
purchasers  of  the  engine,  and  the  writer  the  manufacturers.    Mt. 
A.  S.  Vogt,    ilechanical  Engineer    of    the    Pennsylvania  R.  ^ 
Co.,  at  iVltoona,  detailed  two  experienced  men  from  his  testiBfi 
dej)artnient  to  assist  !Mr.   Wood,  and  Avith  other  observers  at^** 
coinputei-?*,  furnislied  by  Mr.  Wood,  and  the  staff  of  the  writ^^j 
it  was  possible  to  cheek  all  important  data  by  securing  duplicate 
records.     The  writer  wishers  to  states  that  he  is  greatly  indebt^^ 
to  Mr.  Wood  for  his    valuable    services  and  for  his  hearty  cO" 
operation  in  the  work. 

3.  The  high  pressure  cylinder  of  the  engine  was  furnished 
with  double  beat  ])0])])et  valves  and  the  low  pressure  cylinder  with 
Corliss  valves.  The  inlet  and  exhaust  valves  of  each  cvlinder 
w(MT  Operated  by  se})arate  eccentrics.  The  inlet  valves  were 
closed  by  vacuum  dash  ])ots  and  the  exhaust  by  a  positive  motion. 
A  portion  of  tlie  highly  superheated  steam  furnished  to  the  en- 
gine j)assed  through  a  coil  in  the  receiver  between  the  high  and 
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'  low  pressure  cylinders.  There  was  a  by -pass  valve  operated  by 
i  governor  which  regulated  the  amount  of  steam  passing 
rough  the  coil,  a  greater  amount  being  made  to  pass  through 
nen  the  engine  was  heavily  loaded  than  when  it  was  lightly 
aded.  There  were  no  steam  jackets.  The  exhaust  steam  passed 
•om  the  engine  to  a  Worthington  jet  condenser  connected  with 
Worthingtoii  vacuum  pump. 

4.  The  steam  used  by  the  engine  w^as  furnished  by  an  Edge 
looT  water  tube  boiler.     From  the  boiler  it  passed  to  the  top  of 
he  Schmidt  superheater    which  was    set  up  at  the  side  of  the 
)oiler.    The  saturated  steam  entering  the  superheater  came  in 
ontact  with  the  coldest  gases  as  they  left  the  superheater.   From 
the  upper  coils  the  steam  passed  downward  through  a  pipe  out- 
^ideof  the  superheater  to  the  bottom  of  the  lowermost  set  of  coils 
of  the  superheater  and  thus,  when  only  partly  heated,  was  made 
to  pass  tlirough  the  coils  which  were  nearest  the  fire.     This  pre- 
vented the  overheating  of  the  lowermost  coils  of  the  superheater, 
which  would  have  taken  place  had  the  steam  been  made  to  ^sss 
downward  all  the  way  through  the  superheater  so  as  to  bring 
the  hottest  steam  near  the  fire.     From  the  lowermost  set  of  coils 
the  8tea^  passed  upward  and  back  and  forth  through  the  coils 
until  it  was  finally  led  off  from  a  header  directly  below  the  top 
><'t  of  coils  and  conveved   to  the  emnne.      Steam  to  drive  the 
vacuum  pump  and  for  other  purposes  in  the  mill  was  furnished 
hy  a  separate  boiler. 

•'».  The  priucii)al  dimensions  of  the  engine,  measured  when 
hot,  were : 

Bore  of  Cylinders 1G.07  and  28.03  Inches. 

I^ength  of  Stroke 42  inches. 

Diameter  of  Piston  rods 8.00  and  3.50  inches. 

^.  The  average  clearance  volumes  computed  from  measure- 
ments made  on  the  engine  and  from  the  working  drawings  were 
^•I  percent,  for  the  high  pressure  cylinder,  and  5.8  per  cent,  for 
tli^'  low  pressure  cylinder. 

<•  After  the  tests  with  superheated  steam  were  completed  a 
f^t  was  made  with  saturated  steam.  The  writer  was  not  present 
it  this  test  but  was  represented  by  his  associate,  Prof.  F.  L.  Pryor. 

5.  The  principal  results  of  the  tests  are  given  in  detail  in  Table 
From  this  it  may  be  seen  that  the  water  consumption  per  hour 

"f  indicated    horse-power    with    superheated    steam  was   9.76 
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Test  No.  J.   May  27,  1903. 
Superheated  Steam 


Ilorec  Power  474.5 

Steam  Pressure  at  Throttle  141.2 

Superheating  at  Throttle  Deg.F.  852.5 
Vacuum  at  Engine  25.11 
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78.8  lb.  Spring 
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Fig.  84. 
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Prenure  at  ThrotOe 


Test  No-  U    May  27,  J901 

Superheated  Steam* 
Horse  Power 

Water  per  Hour  per  Horse  Power 
Superheating  at  the  Throttle 


Superheating  entering  High  Pressure  Cylinder  «7S.8°Fahr. 


474.5 
0.76  lbs. 
852.5°Fahr. 


Condensation 
6.8^ 


•,  tKA 


Am,Bank  Nttt  C».^jr. 


Fig.  85. 


founds  at  474.5  horse-power,  9.56  pounds  at  420.4  horse-power, 
and  U.7i)  pounds  at  276.8  horse-power.  The  pressure  of  the 
steam  at  the  engine  throttle  was  slightly  over  140  pounds  per 
^juare  inch,  and  the  superheating  at  the  engine  throttle  from 
Imit  350  degrees  to  400  degrees  Fahr.  The  vacuum  measured 
car  the  engine  ranged  from  about  25  to  26  inches  of  mercury. 
*\w  \wat  consumption  per  minute  per  indicated  horse-power, 
vofiling  to  the  standard  recommended  by  the  Civil  Engineers 
f  I»nd<>n,   where  the  engine  is  charged  with  the  heat  in  the 
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st(»am  at  the  throttle  valve  and  is  credited  with  returning 
feed  water  to  the  Ix^iler  at  the  inaxiniuiii  possible  t(in|H»ra 
that  could  be  obtained  by  a  feed  water  heater  in  the  exh 
pipe,  was  205.0  I^ritish  Thernial  Units  at  474.5  horse-})o 
203.7  Hritirih  Thermal  Units  at  420.4  horse-power,  and  2< 
British  Thermal  Units  at  270.8  horse-power. 

0.  With  saturated  steam  the  Avater  consumption  was  1. 
pounds  per  honr  ]>er  horse-power  at  406.7  horse-power,  and 
heat  consumption  248.2  British  Thermal  Units  per  minute 
indicated  horse-power.  In  obtaining  this  figure  the  steam 
densed  through  radiation  of  the  steam  pipe  leading  from 
boilers  to  the  engine  has  been  deducted  in  order  to  make 
figures  for  the  heat  and  coal  consumption  strictly  eonipar 
with  those  given  for  the  superheated  steam,  Avhich  are  basei 
the  tem])erature  of  thi*  superheatcnl  steam  at  the  engine  tlir 
valve.  In  this  test  the  vacuum  was  poorer  than  in  any  of 
others,  bciing  24.5  inches.  It  must  also  be  borne  in  mind 
the  engine  was  built  for  superheated  steam,  and  the  eyli 
ratio  was  not  what  the  makei's  would  use  for  saturated  st' 
In  computing  the  heat  consum])tion  for  this  test  an  allowan 
made  for  the  drip  from  the  high  pressure  steam  main  at  the 
in  the  receiver.  This  drip  amounted  to  280  pounds  per  hour 
what  could  be  accounted  for  bv  the  radiation  of  the  steam  : 
from  the  boiler  to  the  engine.  This  amount  of  the  high  pre: 
steam  was,  therefore,  condensed  in  the  receiver  coil,  and  impi 
heat  to  th(*  receiver. 

10.  Tests  Avere  made  to  determine  the  economy  of  the  1 
and  of  the  superheater.  The  coal  used  was  run  of  mine,  Ge 
Creek,  Cumberland.  The  equivahmt  evaporation  from  ai 
212  degrees  Fahr.  per  pound  of  dry  coal  for  the  boiler 
was  10.30  pounds,  for  the  superheater  it  was  8.97  pounds 
for  the  boiler  and  superheater  combined  it  was  10.07  po 
The  heat  of  combustion  of  the  coal  determined  by  means 
Mahler  bomb  calorimeter  was  14,060  British  Thermal  Unit 
pound.  The  efficiency  of  the  boiler  based  on  the  heat  of  th< 
was  70.7  per  cent.,  of  the  superheater  61.6  per  cent.,  and  c 
combined  boih^r  and  su])erh(^ator  61). 2  per  cent.  In  comp 
the  eflSciency  of  tlie  superheater  the  specific  heat  of  the  s 
heated  steam  was  taken  at  the  value  found  bv  Refimau" 
atmospheric  pressure  or  .48.  At  high(»r  pressures  this  va 
probably  too  low.     On  the  other  hand  the  amount  of  supe: 
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ing  given  by  the  mercury  thermomoters  used  in  the  tests  is 
greater  than  that  which  would  have  been  given  by  an  air  ther- 
mometer, and  this  introduces  an  error  in  the  opposite  direction 
from  that  which  probably  exists  through  taking  the  specific  heat 
of  the  steam  at  .48  and  the  one  error  therefore,  tends  to  counter- 
balance the  other. 

11.  The  coal  consumption  may  be  obtained  directly  from  the 
heat  consumption  of  the  engine  already  given  by  multiplying  by 
60  and  dividing  by  9,725  for  the  superheated  steam  tests,  and  by 
9,947  for  the  test  with  saturated  steam,  9,725  being  the  heat  im- 
parted to  the  boiler  and  the  superheater  in  British  Thermal  Units 
per  pound  of  coal  burned  in  the  tests  with  superheated  steam  and 
9,947  that  imparted  to  the  boiler  in  the  test  with  saturated  steam. 
When  computed  in  this  way  any  loss  of  heat  by  radiation  in  the 
pipe  k\^ding  from  the  boiler  to  the  engine  is  eliminated,  which  is 
a  necessiiry  condition  in  the  present  case  as  the  pipe  is  exception- 
ally long.  Dn  this  basis  tlie  coal  consumption  per  hour  per  indi- 
cated horse-j)ower  for  superheated  steam  was  1.205  pounds  at 
474.5  horse-power,  1.257  pounds  at  420.4  liorse-power,  and  1.288 
pounds  at  2 70. 8  hor8e-j)ower.  For  the  test  with  saturated  steam 
the  coal  consumption  was  1.497  pounds  per  hour  at  400.7  horse- 
l>ower.  In  the  figures  just  given  for  the  coal  consumption  the 
coal  used  to  drive  the  independent  vacuum  pump  is  not  included. 
The  tigiiros,  therefore,  represent  what  would  have  been  obtained 
jHT  indicated  horse-])ower  if  the  vacuum  pump  had  been  driven 
from  the  main  engine. 

12.  The  coal  consumption  forms  a  more  accurate  basis  for 

comparing  the  efficiencies  of  engines  using  saturated  and  super- 

heat4^d  stt^am  than  the  heat  consumption,  because  when  the  coal 

consumption  is  obtained  it  allows  for  any  difference  in  the  econ- 

<»my  of  the  combined  boiler  and  superheater  from  that  of  an 

<»nh'narv  boiler.     Fnrtliermore,  the  results  obtained  for  the  coal 

'•onsuinption  are  practically  independent  of  the  value  employed 

f<»r  the  specific  heat  of  the  steam  which  is  not  the  case  with  the 

heat  consumption.     For  example,  if  the  specific  heat  was  taken 

at  J)  instead  of  .48  in  computing  the  results  which  have  been 

eiven  It  wonld  canse  a  difference  in  the  coal  consumption  of  less 

than  one-half  of  one  per  cent.,  whereas  it  would  cause  a  differ- 

m-v  in  the  heat  consumption  of  about  *U  per  cent. 

13.  In  the  test  with  saturated  steam  tlie  coal  consumption  was 
about  10  per  cent,  greater  than  that  obtained  at  the  same  power 
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Test  No*  2.    June  t%  1903. 
Superheated  Steam* 


Horse  Power 
Steam  Pressure  at  Engine 
Superheatinf?  at  Throttle  Deg.F. 
Vacuum  at  Engine 
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Fig.  86. 
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Test  No.  2.   June  19,  (903. 
Superheated  Stcanii 

Horse  Power 

Water  por  Hour  per  Hor«e  Power 

Superbeatlng  at  tbe  Throttle  37J.^«lir. 

SiiiicrhCHtlne  entering  Illtfli  Prcssuro  Cylinder  SM-tTFilir. 


vhb  .■i!r[>erhpated  steam.  This  does  not  form  a  proper  basis  of 
rfinipari,''(jn,  liowever,  for  the  two  reasons  already  stated,  which 
ire  [hat  the  engine  was  not  built  for  saturated  steam  and  that 
he  raniuni  in  the  test  was  not  as  high  as  it  should  have  been, 
n  cnpinr  of  the  same  general  type  bujlt  for  saturated  steam, 
il  of  iiltoiit  twice  the  power,  was  tested  by  the  writer  at  the 
•i".klyn  plant  of  ilie  Amorican  Sugar  Refining  Company  and 
■  result;*  were  cniliodipd  in  a  paper  presented  by  him  at  the  Sara- 
;a  meeting.     The  most  economical  heat  consumption  obtained 
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Test  No.  3.   July  J7,  J903. 
Superheated  Steam* 

Ilorso  Power  276.8 

Stoam  Pressure  at  En^rinc  145,0 

Siiiwrlioatins  at  Tlirottle  Dvts.F.  808.8 

Vacuum  at  Engluc  SG.8S- 


Atmospberio 


lK)-i 


100- 


CO- 


20  H 
AtmospLcilc 


Atmospheric 


10 -» 


L.  P.  —  n.  E. 
1D.7 11).  Spring 


Jtln,(,U',  I'.i?. 


Fig.  88. 
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at  Throttle 


Superheating 
107°  Fahrenheit 


Test  No.  3.   July  i7,  J901 

Supef  heated  Steam* 

Horse  Power 

Water  per  Hour  per  Horse  Power 

Superheating  at  the  Throttle 


278.8 
9.70  lbs. 
SOS-S^Fahr. 


Superheating  entering  High  Pressure  Cylinder  a06.jf  Fahr. 


6.15^  Condensatton 


Superheating 
8S°  Fahrenheit 


''' h^i  Condensation 


JKM, 


Am.a4tnkN$U  Cb.^.r. 


Fio.  89. 


was  222.7  British  Thermal  Units  per  minute  per  horse-power. 
The  vacuum  in  this  case  was  exceptionally  high,  being  over  28 
inches.  If  the  vacuum  had  been  about  26  inches,  as  in  the  pres- 
ent tests,  it  is  probable  that  the  heat  consumption  would  have 
licen  about  230  British  Thermal  Units  per  minute  per  indicated 
horse-|>ower,  and  the  coal  consumption  on  the  basis  already  given 
1.42  pounds  per  hour  per  horse-power.  As  the  minimum  coal 
ronsii  nipt  ion  with  the  engine  using  superheated  steam  was  1.257 
pounds  per  hour  per  horse-power  there  is  a  gain  in  favor  of  using 
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Test  No.  4.   July  2i,  (903. 
Saturated  Steam* 


Uorse  Power 

406.r 

Steam  Pressure  at  Engine 

146.1 

^ 

Saturat<-d  Steam 

y^ 

Vacuum  at  Engine 

34.47 

X      n.  p.  -  n.  K. 

78.3  lb.  Spring 

•  %(» 


-90 


AtmotQifaflriQ 


140 


V 


100-1 


60- 


ao-l 

AtmoKpLoric 


II.  P.  -  C.  E. 

7H.S  H).  Spring 


2fS 
20 
15 


L.  P.  -  C.  E, 
19.7  lb.  Spring 


r« 

90 
-15 
-10 
-5 


Atmospheric 


L.  P.  —  H.  E. 

19.07  lb.  Spring 


^«.  .'■!.«,  p..y. 


A^Bmnk  Xttt  CV..V.  r 


Fig.  90. 
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IfrUcatfl  rtH'aiu  of  .lti3  pounds  |ier  hour  per  hnrsc-pnivpr,  or 
(■  I«rjr*'r  Htc-am  cnfjine  iisiiip  saturated  ttteaui  is  slwut  llf  per 
tit.  Ic.is  cfonoinical  than  the  smaller  one  using  superheated  steam. 

Methods  of  Conducting  the  Tests. 

14.  Th«*  water  was  weighed  in  an  iron  tank  of  about  1,000 
iind.-*  capacity  placed  on  a  platform  scale,  and  it  was  then 
iptit-il    into  a  lower  tank  conne<;ted  with  the  suction  pipe  of  a 
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gearod  boiler  feed  pump  driven  by  the  main  engine.  All  steaiu 
and  water  connections,  where  there  was  a  possibility  of  hdksge 
occurring,  were  eitlier  broken  or  blanked  off. 

15.  Indicators  of  the  Stiir  Brass  Manufacturing  Co.,  having 
outside  springs,  were  used  on  the  high  pressure  cylinder.  Tabor 
indicators  of  the  ordinary  pattern  were  used  on  the  low  pressure 
cylinder. 

KJ.  ^lercury  columns  were  used  to  measure  the  vacuum  botk 
in  the  exhaust  i)ipe  near  the  engine  and  near  the  condenser.  A 
spring  vacuum  gauge  was  also  used  near  the  condenser  which  vas 
calibrated  in  order  to  determine  its  correction. 

17.  ^lercury  tlu^rmometers  placed  in  thermomet<?r  wells  were 
used  for  d(*t(»rmining  the  temi>eratures.    Where  the  temperatures 
were  not  too  high  mcrcurv  was  used  in  the  wells,  but  if  the  mcr- 
curv  evaporated,  melted  solder  was  employed.    In  every  case  the 
error  due  to  (exposing  a  ])ortion  of  the  stem  of  the  thermometer 
was  detennined  by  noting  the  graduation  to  which  it  was  im- 
mersed and  estimating  the  temperature  of  exposed  part  of  the 
mercury  in  the  stem  by  tying  a  second  thermometer  against  the 
stem. 

is.  Keadings  were  taken  at  intervals  of  15  minutes  through- 
out the  tests.  The  water  record  was  balanced  up  at  the  end  of 
each  hour.  TIk^  iVed  ])um])  was  k(»j)t  running  unifoniily  and 
was  not  stopped  in  balan(*ing  up  the  water.  The  engine  was  run 
for  some  time  before  starting  each  of  the  tests  in  order  that  the 
t(*mj)eratures  should  become  practically  constant.  The  steam 
I(  akages  wer(»  carefully  estimated,  and  in  one  case  a  leakage  test 
was  made  on  the  boiler  and  the  results  confirmed  the  amount 
which  was  estimated.  The  steam  leaks  amounted  to  40  pounds 
per  hour  as  a  maximum. 

10.  The  engine  test  of  June  10th  was  run  at  the  same  time  as 
the  tests  of  the  boiler  an<l  superheater.  Arrangements  were 
made  for  a  continuous  engine  test  of  twelve  hours  or  more,  but 
six  hours  after  starting  the  engine  test  the  water  rate  suddenly 
increased.  It  was  foun<l  that  a  gasket  at  the  receiver  head  which 
had  been  leaking  slightly  during  the  first  part  of  the  test,  and 
the  leakage  of  which  had  been  estimated  at  three  jiounds  per 
hour,  was  h^aking  much  more  than  at  first.  It  was  impossible  to 
e.-timate  the  amount  of  th(*  increased  leakage,  and  the  engine 
test  was  therefore  <liscontinu('d  at  the  en<l  of  six  hours.  As  the 
leak  di<l  not  affect  the  tests  of  the  boiler  or  superheater  these 
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iwts  were  made  of  14  hours  duration.  The  readings  of  the 
^'^lount  of  feed  water  indicatt»d  uniform  conditions  during  the 
^^gine  test,  the  average  rate  per  hour  for  the  first  two  hours 
'^^g 4,026  pounds;  for  the  second  two  hours,  4,012  pounds,  and 
^^f  the  last  two  hours  of  the  test,  4,016  pounds.  This  shows  that 
^^  duration  of  the  test  was  ample  for  securing  accurate  results. 

20.  The  mean  effective  pressures  and  indicated  horse-powers 
^  g:iren  in  Table  II.  Table  III  gives  the  average  data  and 
'7/if.s  of  the  boiler  test,  Table   IV  those  for  the  superheater 

and  Table  V  the  data  used  in  computing  the  superheating 
he  porc(»iitage  of  condensation  existing  in  the  cylinder  at 
)iis  points  in  the  stroke.  The  average  indicator  cards  and 
•oniluned  diagrams  for  each  of  the  tests  are  shown  in  Figh. 
8  inclusivo.  The  amount  of  superheating  or  of  priming 
1^  at  various  points  in  the  ex])ansion  lines  is  marked  on  the 
noil  diagrams.  Zeuner's  formula  for  superheated  steam 
J  in   ci>iiiputing  the  amount  of  8Uj)erheating. 
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TABLE  III. 

Average  Data  and  Results  of  Boiler  Test. 

Made  June  19  and  20,  1908. 

• 

1.  Size  of  grate;  length,  7  feet;  breadth,  9  feet,  6.5  inches;  area, 

square  feet 66.8 

2.  Water  heating  surface  in  square  feet 3,332 . 

3.  Superheating  surface  in  square  feet 350. 

4.  Ratio  of  total  heating  surface  to  grate  surface 55. 1:1 

5.  Horse-power  of  boiler  as  rated  by  builders 370. 


Total  Quantities. 

6.  Length  of  test,  hours 14 

Total  fired 7,205. 

Correction  due  to  thickness  of  fire    at 

158. 


7.  Weight  of  moist  coal 


burned  during  test,  ^      ^^^^  ^^  ^^^ s 

m  pounds.                  [  Corrected  weight 7,047 . 

8.  Weight  of  dry  coal  burned  during  test,  in  pounds 6,823. 

9.  TotS  weight  of  water  evaporated  during  test,  hi  pounds 58,585. 

10.  Elquivalent  weight  of  water  that  would  have  been  evaporated 

from  and  at  212  degrees  Fahr.,  in  pounds 70,302. 

1 1.  Weight  of  ashes,  in  pounds 717 . 

Average  Quantities. 

12.  Steam  pressure  in  pounds  per  square  inch  abpve  atmosphere. .  147.4 

13.  Temperature  of  feed  water  in  degrees  Fahr 66.6 

14.  Temperature  of  flue  ga«es  in  degrees  Fahr.  jAoUiaJ^nR^^^^^  |9. 

15.  Temperature  of  boiler  room  in  degrees  Fahr.  -]  y^^  .  "j,^ -,,  ^ 

*^    T\        ux-'i,       f      *-  i  In  back  connection 0.1 

16.  Draught  m  mches  of  water  ]  Over  thefire 0.1 

17.  Percentage  of  moisture  in  coal 3. 18 

18.  Percentage  of  ash,  based  on  dry  coal 10.51 

19.  Barometer,  in  inches  of  mercury 29.82 

Economic  Results. 

20.  Factor  of  evaporation 1 .  200 

21.  Weight  of  water  evaporated  perpound  \  FromLnd  at  2i2'd;i"  *  *  ^'^^ 

of  fuel,  mcludmg  moisture,  ni  pounds  ^      ^^.^^  p^j^^. ^^ 

22.  Weight  of  water  evaporated  per  \  Actual 8 .  59 

pound  of  dry  fuel,  hi  pounds    }  From  and  at  212  degrees  Fahr.  10 .  30 

23.  Weight  of  water  evaporate<i  per  j  Actual 9 .  59 

pound  of  combustible,  in  pounds  )  From  and  at  212  degrees  Fahr.  1 1 .  51 

24.  Weight  of  dry  coal  burned  per  hour  per  square  foot  of  grate  sur- 

face, in  pounds 7 .  30 

25.  Calorific  value  of  the  dr>'  coal  in  British  Thermal  Units  per 

pound 14,060. 

26.  Calorific  value  of  the  combustible  in  British  Thermal  I'nits  per 

pound 15,510. 

27.  Efficiency  of  boiler  (based  on  the  coinbustil)]e),  in  per  cent..  . .  71 .7 

28.  Efficiency  of  boiler  including  the  grate  (based  on  the  dry  coal), 

in  per  cent 70 . 7 

29.  Water  evaporated,  in  pounds  per  square  foot  of  total  heating 

surface  per  hour,  from  and  at  212  degrees  Fahr. 1 .36 

30.  Average   horse-power   developed    based    on    standard    recom- 

mended by  A.  S.  M.  K.,  viz.,  34.5  pounds  of  water  evaporated 

from  and  at  212  degrees  Fahr.,  yyos  hour 145.7 
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TABLE  IV. 
Average  Data  and  Results  of  Sufebhxatbr  Test. 

1.  Heating  surface  in  square  feet 642. 

2.  Grat€  surface  in  square  feet 4 

3.  Duration  of  test  in  hours 14 

4.  Pressure  of  steam  furnished  to  superiieater  in  pounds  per 

square  inch  above  the  atmosphere 147 .4 

TempercUures  in  Degrees  Fahr.  by  Mercury  Thermometer. 

5.  Steam  entering  the  superheater 365.6 

6.  Steam  leaving  the  superheater 809 . 1 

7.  Amount  steam  was  superheated 443.5 

Total  Quantities. 

8.  Steam  passing  through  the  superheater  in  pounds 58,025. 

9.  Heat  imparted  to  the  steam  hi  British  Thermal  Units 12,352,000. 

10.  Total  moist  coal  fired,  in  pounds 1,473. 

11.  Total  dry  coal  consumed  in  pounds 1,426. 

12.  Coal  burned  per  square  foot  of  grate  surface  per  hour  in 

pounds 25.5 

13.  Heat  imparted  to  the  steam  in  the  superheater  per  pound 

of  coal  burned,  in  British  Thermal  Units 8,662. 

14.  Equivalent  evaporation  from  and  at  212  degrees  Fahr.  in 

pounds  per  pound  of  dry  coal 8.97 

15.  Heat  of  combustion  of  the  dry  coal  in  British  Thermal 

Units  per  pound 14,060. 

16.  Efficiency  of  the  superheater  based  on  the  lieat  of  com- 

bustion of  the  coal  in  per  cent 61 .6 

Combined  Economy  of  the  Boiler  and  Superheater. 

17.  Actual  evaporation  of  the  boiler  per  pound  of  dry  coal  in 

pounds 8.586 

18.  Coal  burned  in  superheater  in  pounds  per  pound  of  steam 

pa.ssing  through  it .02458 

19.  Coal  burned  in  superheater  in  pounds  per  pound  of  coal 

burned  at  boiler,  Item  17  x  Item  IS .211 

20.  Actual  evaporation  of  the  combined  boiler  and  super- 

heater. Item  17  -!-  (1  +  Item  19) 7.090 

21 .  Factor  of  evaporation  of  the  combined  boiler  and  super- 

heater   1 .421 

22.  Equivalent  evaporation  in  pounds  per  pound  of  dry  coal, 

fn)ni  and  at  212  degrees  Fahr.,  for  the  combined  boiler 

and  superheater 10 .07 

23.  Efficiencv  of  the  combined  boiler  and  superheater  based 

on  the  heat  of  combustion  of  the  coal,  in  per  cent 69.2 
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TABLE    V. 

1>ata  vsed  IX  Computing  the  Amounts  op  Superheating  at  Various 
PoixTS  IN  the  Expansion  Line  op  Indicator  Diagrams.  Average 
FOR   six   Diagrams. 


Weights  of  Steam  per  Stroke  in  Pounds. 


Date  of  Test 

Passinjr  through  cylinders  of  engine 

KetAincKi  in  clearance  space  of  high  pressure 
cylinder 

Ketaineil  in  clearance  space  of  low  pressure 
cylinder 

Total  contain<*d  in  high  pressure  cylinder  dur- 
iiiff  expansion 

Total  contained  in  low  pressure  cylinder  dur- 
ing expansion 0.4084    0.3591 


May  27  June  19 
0.3739;  0.3272 


0.0619  0.0506 
0.0345'  0.0319 
0.4358'  0.3778 


July  17 
0.2182 

0.0299 

0.0357 

0.2481 

0.2539 


July  24 
0.4362 

0.0693 

0.0489 

0.5055 

0.4851 
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DISCUSSION. 

Mr.  George    I.  Rockwood, — I  have  not  seen  an  advance  copy 
{  this  paper  by  Professor  Jacobus,  so  in  what  I  have  to  ?ay  I 
annot  attempt  to  speak  with  any  preparation  at  all.     The  fig- 
ires  speak  for  themselves,  however,  and  suggest  some  questions. 
For  instance,  in  two  tests — numbered  2  and  4 — one  with  and  the 
other  without  superheat,   the  load  being  substantially  alike  in 
each  case — being  420  horse-power  with  superheat,  and  406  with 
!>aturate(l  steam — the   steam  consumption  per   horse-powder  per 
hour  is  given  as  0.5  pounds  and  13.8  pounds  respectively.     The 
(liffereneo  represents  an  ap})arent  saving  of  over  30  per  cent,  due 
to  superheating,  which  is  so  much  greater  than  usual  as  to  need 
explanation.     Now,   as   the   paper   deals   with   the   economy   of 
steam  obtaincNl  by  the  use  of  superheaters,  it  may  be  in  order 
to  (lisouiw  otli(T  si<les  of  the  general  question  of  the  actual  econ- 
omy of  coal  etTected  by  their  use. 

A  factor  which  greatly  affects  their  value  is  the  manner  in 
whij'li  the  regulation  of  the  superheat  is  accomplished.  To  illus- 
fnitc,  1  latelv  visited  a  turbine  station  in  Rhode  Island  and  saw 
there  one  of  these  independently-fired  superheaters  af  work,  and 
m  this  case  the  upper  doors  were  just  a  little  open  and  the  ash- 
pit doors  open  too;  this  was  to  prevent  too  hot  a  fire,  as  with 
the  tiro  doors  closc^d  the  temperature  of  the  steam  would  be  too 
h'>t  for  safe  use. 

Another  ease  of  the  same  sort  of  temperature  regulation  is 

toiind  ill  the  provision  of  a  hollow  bridge  wall  and  a  register 

"n  the  outside  face  of  the  brick  setting,  for  the  purpose  of  cool- 

'n^M he  prases  as  they  come  from  the  fire.     It  is  obvious  that  such 

nieans  of  temperature  regulation  involve  a  loss  of  heat  out  of 

pn»portion  to  any  saving  effected  in  the  engine  or  turbine.     Its 

""^^  is  permissible  only  in  cases  where  the  steam  exhausted  from 

'n  engine*  is  to  l)e  Uf^ed  in  manufacturing  processes  after  being 

'nperheated. 

Tlje  most  economical  w^ay,  and,  indeed,  the  only  economical 

vjv,  to  pres<'rve  the  temperature  of  the  steam   at  a  constant 

mi  is  to  keep  the  weight  of  steam  flowing  tliro\igh  the  super- 

Mfer  proportionally  the  same  as  the  weight  of  coal  burnt  on  the 

K'rJu»ater  grates.     One  way  1  have  employed  of  getting  around 

liiiKciilty  is  to  provide  a  *^  bleeder  "  pipe  at  the  engine  throttle 
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and  to  open  it  wlu^ii  the  load  is  light  or  the  engine  shut  down- 
In  tliis  case  then*  are  3,000  horse-power  of  boilers  and  only  ten 
per  cent,  of  the  steam  is  made  at  a  high  pressure — 200  pounds 
per  square  inch — for  use  in  the  engine.     The  rest  is  used  at  100 
])ounds  pressure  in  lusting  water  in  a  dye-house.    The  "  bleeder" 
simply  diverts  some  of  the  steam  intended  for  use  in- the  engine 
into  the  dye-house  pipes  aftt^r  it  has  passed  through  the  super 
heater.     In  any  bleachery  or  dye-house  or  steam-driven  paper 
mill  such  a  method  of  regulaticm  would  be  effective.     The  thing 
tr>  1)(»  avoided  is  too  hot  a  lire  under  the  superheater  with  partial 
loa<l,  as  this  results  in  burning  out  the  superheater  tubes  and 
ruining  the  <Migine  or  turbine. 

Mr,  li.  //.  liire. — it  may  be  interesting  to  give  some  further 
particulars  of  th(»  construction  of  this  engine  which  is  utilising 
very  high  tcm])(»ratures  of  jsteam  without  difficulty — ^in  fact,  with 
no  more  trouble  than  anv  of  the  ordinarv  saturated  steam  en- 
gines  of  the  sauK*  builders. 

Tlir  double  beat  p<q)pet  valves  have  seats  surrounded  by  the 
inlet  steam  in  such  a  way  that  the*  expansion  of  the  seat  is  <hjiui1 
ill  (extent  and  effect  to  that  of  th(»  valve — thus  overcoming  com- 
|»l('tely  the  (*haract(M'istic  defect  of  ordinary  designs  of  their  type 
of  valve,    namely,   ex<'essivc   h^akage   at  any   temperature  other 
than  the  particular  one  at  which  they  w(»re  originally  ground 
Till*  inlet  valves    arr    driven    by  the  ordinary  trip    gear  of   the 
ImiMers,  with  vacmim  daslipots,  with    the    addition  of  a  simple 
linkage  which  controls  the  closure  of  the  valve  independent  of 
tin*  (\\teiit  of  closing  motion  im]>arted  by  the  dashpot,  and  thus 
prevents  slamiiiing  or  partial  closure  of  the  valve.     The  exhaust 
valves  are  actuated  bv  a  svstem  of  links  devoid  of  cams,  alwavs 
in  c(>nnection  with   the  eccentric  except  when  haiid-aetuated  at 
starting  or  stopping,  an<l  which  keeps  the  valve  stationary  during 
the  forward  stroke,  as  is  necessary  when  using  the  poppet  tyjie, 
and  all  joints  are  adjustable  for  w(»ar. 

The  stutKiig-boxes  are  on  long  necks  to  take  them  well  awav 
from  the  superheat,  and  the  piston-rod  stuffing-boxes  have 
metallic  packing  provided  with  water  jackets  which,  however, 
have  never  l)e<>n  used.  The  piston  packing  consists  of  two  simple 
cast-iron   spring   rings   with   joint    plates. 

The  horse  power  cylin<l(»r  is  so  designed  that  the  working 
portion  of  its  hand  is  a  simple  cylinder  without  ribs,  all  connec- 
tions to  the  cylinder,  such  as  valve  elects,  lagging  bosses,  inlets 
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Mii  exhaust  gafuges,  etc.,  being  at  the  ends.  The  clearance  of 
tke  poppet  valve  cylinder  has  been  kept  fully  as  small  as  the 
eqiuvalent  Corliss-valve  cylinder,  in  contrast  with  foreign  prac- 
tice, where  it  is  usually  much  greater. 

The  only  trouble  noticed  with  lubrication  was  a  smoking  due 
to  the  carbonization  of  the  animal  or  vegetable  constituents  of 
the  original  oil  used.  On  notifying  the  oil  makers  of  this  trouble 
tkev  at  once  produced  an  oil  which  eliminated  all  complaint. 

The  operation  of  the  superheater  has  proved  to  be  simple:  in 
hct  it  is  easier  to  run  than  a  boiler,  since  the  pyrometer  dial  is 
the  only  thing  needing  to  be  watched.  Fire  is  never  built  in  the 
superheater  without  a  flow  of  steam  through  the  coils,  under 
w*hich  conditions  there  is  no  sign  of  deterioration.  The  tem- 
perature is  readily  regulated,  even  when  the  engine  is  shut  down 
for  changes  in  the  mill,  which  happens  once  or  twice  in  24  hours 
ID  repfiilar  operation.  If  the  shut-down  is  for  more  than  a  few 
minutes  a  small  flow  of  steam  is  secured  by  cracking  the  throttle 
falrc  and  allowing  a  little  steam  to  blow  through  the  engine, 
'Ut  for  short  stoppages  this  is  not  necesvsary.  The  pipes,  cyl- 
D<lers  and  r(»ceiver  are  covered  with  *]  inches  of  a  standard 
i«^(^ia  e<>veniig  over  ])ipes  and  flanges. 

Lines  i:j,  14,  15,  Table  I,  page  (J,  of  the  paper  shows  interest- 
i|rlv  the  control  of  the  temperatures  of  steam  entering  the  two 
Hinders  by  the  governor-eontroll<M]  valve  of  the  reheater,  test 
0.  'J,  with  light  load,  showing  an  inlet  temperature  of  672  de- 
t*es  to  high  pressure  cvjind(»r  and  '^53  degrees  to  low  pressure 
Under,  whih»  test  No.  1,  with  heavy  load,  shows  634  degrees 
hi^h,  and  408  degre(\s  to  low.  This  variation  of  temperature 
ersely  with  load  in  high  cylinder  is  believed  to  be  necessary 
^h  high  superheat  to  protect  it  from  burning  the  oil.  In  this 
rine  the  regulation  is  effected  by  giving  to  the  low  pressure 
inder  the  superheat  which  has  been  taken  out  of  the  steam 
n^  to  the  high  cylinder. 

\Ithough  the  cylinder  ratio  is  different  from  that  usually 
'ptP<l  in  this  country  for  saturated  steam,  it* nevertheless  cor- 
f>onds  with  European  practice,  and  considering  the  low 
nuni  and  the  absence*  of  jacket,  the  steam  consumption  found 
»5.H4  poun<ls — is  not  an  excessive  figure. 

n  roiiiparing  the  coal  consumption  of  this  engine  and  that 
^rted  by  Professor  Jacobus  at  the  Saratoga  meeting,  it  should 
noticed  that  the  best  heat  consumption  of  the  latter  engine 
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was  obtained  with  so  low  a  in.  e.  p.  that  the  engine,  if  propoj 
tional  for  this  ni.  o.  ]).  at  full  load  would  be  excessive  in  cost  oi 
account  of  its  considerable  cylinder  dimensions;  so  much  so  »i 
to  make  its  cost  coiii])aral)le  to  that  of  a  superheated  ateam 
en^ne  and  its  superheater  complete,  whereas  the  superheated 
steam  (»npiie  shows  a  saving  of  about  12  per  cent,  of  coal,  whid 
is  therefore  obtained    with    onlv  a  small  additional  investment 

Te^ts  of  enpne  constructed  on  this  system,  in  England  witl 
a  vacuum  of  about  28  inches  of  mercury  snow  a  steam  consump 
tion  of  U  pounds  per  indicated  horse  power,  and  it  is  probabk 
with  a  load  of  alK>ut  ^^Tf)  horse  power  (which  could  not  be  ob 
tained  in  this  cas(^  owing  to  the  arrangement  of  the  mill),  aw 
an  e(]ually  good  vacuum,  that  the  same  figure  could  have  beci 
obtained  in  this  case. 

In  regard  to  the  superheater  at  Xewport,  I  am  sometfha 
familiar  with  that  instalhition.  The  superheater  was  made  o 
sufficient  capacity  to  superheat  the  steam  for  2,000  kilowal 
capacity  of  turbines,  and  it  is  now  superheating  steam  for  lei 
than  200  kilowatts  capacity.  It  is,  therefore,  operating  und( 
entirelv  abnormal  conditions. 

J/r.  E,  T,  ('In hi. — 1  would  like  to  ask  Professor  Jacobus  whi 
was  the  ratio  of  cylinders  in  the  Brooklyn  engine?  And  is  th 
ratio  of  '5  to  1  in  the  ]\Iillbourne  ^lills  engine  the  blast  for  stipe 
lieated  steam  ^  It  is  often  desirable  to  use  superheated  steam 
engin(\'<  already  built  and  with  cylinder-ratios  adapted  for  satt 
at(vl  steam.  Will  th(»se  larger  (\vlinder-ratios  make  the  engi 
illy  adapted  for  superheated  steam? 

I*rofrssor  Jarohus. — What  is  your  last  question?  I  did  i 
(piite  catch  it. 

Mr,  (liihl. — [s  tliis  ratio  of  3  to  1  distinctly  based  on  the  i 
of  superlicated  steam,  and,  if  you  have  an  engine  built  for  sat 
ated  steauj,  say,  4  or  5  or  0  to  1,  is  that  illy  adapted  for  use  "k 
superheated   steam? 

Pvafessor  Jarohus. — The   ratio    in   the  Brooklyn  engine  ^ 
about  1  to  1.      In  regard  to  the  last  (piestion,  more  experirac 
are  n(U'd<'<l  before  it  cnn  be  answered.      Perhaps  Mr.  Rice 
give  us  some  more  information  on   this  point  as  he  is  the 
wjio  decided  to  use  the  •>  to   I   ratio. 

Mr.    Hire. — In   adojjiing    this   ratio    w(»   adopted    the  fore 
practice;  ami   1   presmne  that   ratio  was  adopted  abroad  for 
reasons:  First,  that  it  corresponds  closcdy  to  their  saturated  st^ 
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practice;  and,   secondly,  by  having  a  large,   high-pressure  cyl- 
inder they  are  able  to  use  more  superheat  in  that  cylinder. 

Mr,  A,  E,  Clu£tt. — I  would  like  to  inquire  whether  outside 
of  the  cylinder-ratios  any  data  is  available  regarding  the  amount 
of  superheat  that  could  be  applied  to  an  ordinary  compound 
engine  of  about  the  same  size  as  the  one  under  discussion,  with- 
out endangering  the  engine  in  any  way? 

Mr.  Rice. — I  cannot  answer  this,  because  it  depends  largely 
on  the  character  of  the  load,  the  point  of  cut-off  in  the  cylinder, 
and  various  other  elements;  but  in  general  a  temperature  in 
existing  engines  of  over  500  degrees  Fahrenheit  would  give 
trouble. 

Prof.  W,  F.  M.  Goss, — It  has  seemed  to  me  that  the  use  of 
superheated  steam  in  connection  with  multi-cylinder  engines  is 
somewhat  illogical,  and  I  am  interested  to  know  whether  Pro- 
fessor Jacobus  regards  the  results  of  his  tests  as  a  clear  justifica- 
tion for  such  a  combination.     The  large  amount  of  c^^linder-con- 
densation,  and  the  consequent  low  efficiency  which  attend  the 
action  of  the  single-cylinder  engine  may  be  reduced  in  several 
different  ways.     One  way  is  to  multiply  the  number  of  the  en- 
gine cylinders,  and  another  way  is  to  preserve  the  engine  in  its 
simplest  form  and  employ  a  superheater.     Either  plan  tends  to 
the  same  result.     In  either  case,  also,  the  improvement  is  at  the 
eost  of  added  complication  in  the  design  of  the  plant.     In  one 
caj^e,  this  complication  takes  the  form  of  added  cylinders,  in  the 
other  of  an  independent  device  in  the  fonn  of  a  superheater, 
ily  point  is  that  by  following  either  one  of  these  lines  of  develop- 
ment to  the  exclusion  of  the  other,  results  can  easily  be  obtained 
which  approach  closely   those   given   by   the   compound   super- 
heating plant  described  by  Professor  Jacobus.     If  this  is  true, 
where  is  the  argument  in  favor  of  adding  to  a  plant  complica- 
tions of  two  different  sorts.     If,  for  example,  a  compound  engine 
«*ill  not  give  the  desired  degree  of  efficiency,  would  it  not  in 
most  eases  be  better  practice  to  endeavor  to  better  the  perform- 
ance by  extending  the  series  to  a  triple  expansion  type,  rather 
than  by  introducing  a  device  requiring  so  much  attention  as  a 
superheater?     Or,  if  it  has  been  decided  to  employ  superheated 
steani  and  to  meet  the  problems  incident  to  such  practice,  then 
why  not  seek  the  full  advantage  of  its  use  by  reducing  the  engine 
to  its  simplest  form,  using  a  single  cylinder  only. 
I  do  not  wish  to  be  understood  as  criticising  in  the  least  the 
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excellent  paper  which  Professor  Jaxjobus  has  presented.  I 
merely  raise  the  question  as  to  whether  the  combination  which 
is  presented  in  the  engine  he  describes  is  one  which  is  likely  to 
find  favor  in  future  practice.  In  view  of  his  very  careful  study 
of  the  subject,  a  statement  from  Professor  Jacobus  as  to  the 
arguments  which  go  to  sustain  the  peculiar  combination  of  ele- 
ments which  the  engine  he  describes  presents  would  be  most 
valuable. 

Professor  Jacobus.* — In  reply  to  Professor  Goss  will  say  that  I 
feel  that  the  gain  in  economy  secured  by  superheated  steam  may  in 
many  cases  justify  its  use.  It  is  true  that  with  saturated  steam 
we  may  step  from  the  simple  engine  to  the  compound,  and  from 
the  compound  to  the  triple  with  a  gain  at  each  step,  but  it  also 
appears  that  in  any  type  of  engine  there  may  be  a  gain  due  to 
superheating.  The  main  point  to  be  determined  is  whether  the 
additional  gain  in  economy  due  to  the  superheating  will  more  than 
offset  the  interest  on  the  increased  capital  investment,  and  the 
item  for  depreciation  and  repairs  of  the  superheater.  Mr.  Rice 
has  pointed  out  that  if  a  compound  engine  using  saturated  steam 
is  proportioned  to  give  the  best  economy  the  mean  effective  pressure 
would  be  so  low  as  to  lead  to  large  dimensions,  and  that  when  so 
constructed  its  cost  is  comparable  to  that  of  a  superheated  steam 
engine  and  its  superheater  complete.  One  thing  is  certain,  and 
that  is  that  the  advisability  of  using  superheated  steam  depends 
on  the  cost  of  the  coal  used.  If  coal  is  expensive  it  may  pay  to 
use  superheated  steam,  whereas  with  a  cheaper  coal  it  may  not.  I 
hope  to  go  into  this  matter  of  costs  more  carefully  and  presents  the 
results  at  a  later  meeting. 

Mr.  Geo.  11.  Barrus  kindly  pointed  out  after  reading  my  paper 
that  by  basing  the  heat  consumption  on  the  temperature  at  which 
the  superheated  steam  is  furnished  to  the  engine,  I  have  neglected 
any  difference  that  there  may  be  Avith  saturated  and  superheated 
steam  in  the  radiation  of  the  steam  mains  leading  from  the  boiler 
to  the  engine.  Any  excess  of  radiation  with  the  highly  super- 
heated steam  over  that  for  saturated  steam,  should  be  charged 
against  the  superheated  steam  plant  and  the  saving  that  is  shown 
for  the  superheated  steam  should,  therefore,  be  somewhat  less 
than  I  have  given.  Taking  the  Millbourne  Mills  engine  there 
would  be  a  difference  in  the  radiation  of  the  steam  mains  with 
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saturated  and  superheated  steam,  which  would  affect  the  economy 
bv  about  one  per  cent.    The  steam  main  of  this  engine  is,  however, 
excessively  long,  being  over  twice  the  length  that  might  ordinarily 
be  used.     It  is  fair  to  say,  therefore,  that  where  the  steam  main 
is  of  the  ordinary  length  and  is  covered  in  the  same  way  for  satu- 
rat<Hi  apd  superheated  steam,  the  results  for  the  heat  consumption 
uith  superheated  steam,  computed  as  has  already  been  explained, 
should  be  discounted  by  about  one-half  of  one  per  cent.;  a  quantity 
which  is  well  wnthin  the  range  of  accuracy  of  the  tests.     As  the 
covering    for    superheated    steam    is    usually    heavier    than    for 
sarurate<l  ^team,  thi-s  small  difference  due  to  the  radiation  of  the 
steam  main  \\'ill  be  still  further  diminished.     The  mains  carrying 
superheated  steam  at  the  Millbourne  Mills  are  6  inches  in  diameter, 
and   are  covered  with  a  double  layer  of  asbestos  and  magnesia 
covering.     The  inner  layer  is  asbestos  fire  felt  IJ  inches  in  thick- 
ness, and  the  outer  magnesia  strips  of  about  the  same  thickness 
held  in  place  by  wire  and  plastered  with  asbestos  cement.     The 
averagre  oiit&ide  diameter  of  the  covering  is  12^  inches. 
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No.  1035.* 

STANDARD    UNIT  OF  REFRIGERATION. 

BT  J.   C.   BBRT8CH,  ATLANTA,  GA. 

(Member  of  the  Society.) 

1.  Sinc(»  tlin^o-quartcrs  of  a  century  ago,  mechanical  refrigera- 
tion lias  l)('(»n  in  practical  use.  For  the  lirst  period  of  about  fifty 
years  it  was  applied  most  exclusively  for  making  ice  and  cooling 
liquids  in  small  quantities  only.  But  during  the  past  twenty-five 
years  its  applications  have  increased  so  wonderfully  and  on  such 
a  large  scale  that  it  must  now  be  taken  care  of  as  a  special  line  of 
business  by  the  refrigerating  engineer,  and  it  can  no  longer  be 
handled  in  connection  with  any  other  branch  of  mechanical  engi- 
neering. 

2.  lief rigeration  is  now  successfully  applied  in  numerous  indus- 
tries, either  as  a  valuable  assistance  or  as  a  most  necessary  part 
for  obtaining  quicker  and  better  results  in  the  manufacture  of 
many  articles. 

3.  As  an  exclusive  process  mechanical  refrigeration  is  used  for 
making  ice,  preserving  perishable  goods,  controlling  fermentation, 
fractional  distillation,  assistins:  in  mining  and  for  many  other 
purposes.  It  will  sooner  or  later  be  applied  to  our  dwellings  and 
public  halls,  not  only  to  replace  the  ice  in  the  refrigerators,  but  to 
furnish  also  cooler  and  better  air  during  the  hot  season  of  the 
year. 

4.  Tn  spite  of  the  many  years  of  practical  application,  and  in 
s])ite  of  the  thousands  of  refrigerating  machines  in  operation  all 
over  the  civilized  world,  no  standard  imit  of  refrigeration  has  as 
yet  been  established.  "We  have  to-day  no  conmionly  adopted  pro- 
])ortions  or  uniform  rules  to  measure  the  actual  work  produced  by 
the  refrigerating  machine  save  the  adoption  of  284,000  British 
thermal  units  as  an  equal  to  the  work  accomplished  by  melting  one 


*  Prcsinited   at   tin*   New   York   mootinp:.   Doconiber,  1903,  of  the  American 
S(>oiety  of  ^rechanlcal   Engineers,  and   fonning  part  of  Volume  XXV.  of  the 
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ton  of  2,000  pounds  of  ice  of  32  degrees  Fahr.  to  water  of  32  de- 
grees Fahr.  But  even  this  value  is  not  properly  applied,  inasmuch 
as  it  is  correctly  used  for  calculating  the  work  equal  to  ice-melting 
ouly;  as  soon  as  ice-making  is  to  be  calculated,  two  tons  of  ice- 
melting  are  considered  as  equal  to  one  ton  of  ice-making,  regard- 
less of  the  fact  that  under  ordinary  condition  the  making  of  one 
ton  of  ice  amounts  only  to  about  410,000  to  420,000  British  ther- 
mal units  instead  of  568,000  British  thermal  units. 

5.  The  absence  of  a  standard  unit,  proportions  or  rules  is  the 
cause  of  much  confusion  and  many  disputes.  Everyone  is  at  lib- 
erty to  choose  any  rating  he  sees  fit,  and  as  each  rating  or  guaran- 
tee can  be  substantiated  under  certain  assumptions,  the  purchaser 
of  a  machine  is  at  a  loss  to  know  what  he  is  getting  for  his  money. 

6.  We  find  to-day  the  capacities  of  machines  based  on  a  con- 
densing water  of  from  50  up  to  75  degrees;  compressor  displace- 
ments of  from  6,500  up  to  8,500  cubic  inches  per  ton-minute,  and 
guarantees  for  power  required  of  from  one  up  to  two  horse-power 
IHT  ton  refrigeration  in  24  hours. 

T.  Realizing  tliat  such  conditions  can  not  be  tolerated  much 
longer,  and  that  unifonn  rules  for  this  special  branch  of  engineer- 
ing are  badly  needed,  the  Southern  Ice  Exchange,  in  convention 
at  Atlanta,  Ga.,  last  February,  took  the  lead  in  appointing  a  com- 
mittee for  standardizing  the  proportions  of  the  machinery  and 
apparatus  needed  for  ice-making  and  refrigeration. 

8.  Some  other  and  similar  associations  did  likewise,  and  the  Ice 
Machine  Builders'  Association  took  up  this  matter  also,  in  order 
to  assist  in  the  establishing  of  uniform  regulations  for  the  benefit 
of  all  concerned. 

9.  Guided  by  the  high  standing  this  Society  holds  throughout 
the  enpneering  world,  I  desire  to  invite  your  hearty  cooperation 
on  this  important  subject,  hence  this  paper. 

Ammonia  Compression  System, 

10.  The  overwhelming  majority  of  refrigerating  machines  in 
actual  operation  are  of  the  ammonia  compression  system,  which 
should  therefore  be  considered  first.  Afterwards  the  ammonia 
absorption  system,  the  carbonic  acid  compression  system,  vacuum 
tir  system  and  others  could  be  considered  along  the  same  lines. 

11.  With  the  ammonia  compression  system  pure  anhydrous 
iKJuid  ammonia  is  evaporated  under  a  low  pressure  within  a  system 
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of  pipes.  Such  a  vaporization  is  only  possible  if  heat  is  supplied 
and  such  heat  is  furnished  by  the  substance — air,  water,  brine, 
etc. — surrounding  said  pipes,  whereby  consequently  the  substance 
becomes  refrigerated  and  the  ammonia  takes  the  form  of  vapor. 
The  office  of  the  refrigerating  machine  is  to  compress  this  vapor 
and  to  discharge  the  compressed  gas  into  the  condenser,  where  it 
is  condensed — liquified — for  further  use  in  the  refrigerating  sys- 
tem. 

Properties  of  Ammonia. 

12.  The  properties  of  the  ammonia  in  the  state  of  liquid  and 
vapor  has  bec^n  caleulatod  by  Professor  I)e  Volson  Wood.    They       j 
are  well  known  and  universally  accepted  as  correct. 

13.  We  know  exactly  what  the  ammonia  can  do  under  certain 
conditions,  and  as  the  temperature,  pressure,  volume  and  weight 
of  same  are  of  fixed  relations  to  each  other,  we  can  calculate  two 
of  these  properties  as  soon  as  two  of  them  are  known. 

Standard  Ton  of  Refrigeration. 

14.  The  quantity  of  refrigeration  is  now  expressed  in  tons  of 
ice-melting. 

As  the  latent  heat  of  ice  is  142  British  thermal  units,  it  takes 
for  melting  or  making  one  ton  of  2,000  pounds  of  ice  of  82  de- 
grees the  quantity  of  2,000  X  142,  or  284,000  British  thermal 
units. 

The  correct  and  better  expression  which  would  answer  for  all 
purposes  would,  therefore,  be : 

"  One  ton  of  refrigeration  is  the  latent  heat  absorbed  or  set 
free  by  melting  or  making  one  ton  of  ice  of  32  degrees  to  or  from 
water  of  32  degrees  Fahr." 

Quantify  of  Ammonia  Evaporated. 

15.  To  transfer  the  heat  of  284,000  British  thermal  units  by 
means  of  mechanical  refrigeration  a  certain  amount  of  liquid  am- 
monia must  be  evaporated,  and  to  arrive  at  the  actual  amount  of 
ammonia  needed  we  must  consider  the  unavoidable  losses  of  heat 
during  the  process  of  vaporization. 

16.  First.  The  liquid  ammonia  coming  from  the  condenser  has 
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I  much  higher  temperature  than  the  one  at  which  it  evaporates. 
The  difference  between  these  temperatures  is  a  loss  which  must  be 
deducted  from  the  heat  of  vaporization  due  to  the  boiling  point 
of  the  anuiionia  in  the  refrigerator. 

Acowi  The  vapor  leaving  the  refrigerator  becomes  heated  on 
itsway  to  the  compressor,  and  especially  by  coining  in  contact  with 
the  walls  and  parts  of  the  compressor,  which  are  heated  to  a  cer- 
tain extent  during  the  compression  period.  This  heating  of  the 
vapor  causes  expansion,  and  consequently  a  reduction  of  the 
weight  due  to  its  pressure. 

Third.  It  is  impossible  to  build  a  compressor  which  discharges 
every  particle  of  the  compressed  gas.  Whatever  is  left  in  the 
cylinder  at  the  moment  the  piston  begins  the  suction  period  will 
reexpand  and  fill  up  a  certain  space,  thus  reducing  the  volume  of 
the  entering  vapor,  or,  in  other  words,  the  displacement  of  the 
compressor. 

Fourth,  More  or  less  loss  is  caused  by  leaks  through  valves  and 
piston,  radiation  of  the  different  parts  of  the  system,  imperfec- 
tion of  the  insulation  and  pipe  covering  and  impurities  in  the 
ammonia  itself. 

17.  The  first  loss  is  an  exactly  known  quantity,  and  is,  there- 
fore, accounted  for  separately  in  all  calculations.  But  all  the 
other  losses  can  not  be  measured  correctly  and  independently 
from  each  other,  wherefore  they  are  accounted  for  in  form  of  a 
certain  per  cent,  of  efficiency  of  the  compressor. 

Efficiency  of  Compressor. 

18.  Prof.  J.  E.  Denton  stated  in  Transactions  A.  S.  M.  E.y  vol. 
xii. :  " .  .  .  An  important  deduction  from  the  measurements 
bv  meter  of  the  quantity  of  ammonia  circulated,  compared  with 
the  weight  of  ammonia  accounted  for  by  the  displacements  of 
the  compressors,  is  that  the  latter  falls  25  per  cent,  short.  .  .  .'' 
Such  a  shortage  of  25  per  cent.,  or  an  efficiency  of  the  compressor 
of  75  per  cent.,  has  not  as  yet  been  proven  incorrect,  and  as 
actual  practice  agrees  indeed  closely  with  such  an  efficiency,  it 
^n  safely  be  considered  as  correct. 

19.  Having  now  the  quantity  of  heat  equal  to  one  ton  of  re- 
frigeration, and  also  the  loss  of  heat  and  the  efficiency  of  the  com- 
pressor as  undisputed  facts,  it  would  seem  a  very  simple  matter  to 
find  the  quantity  of  ammonia  which  must  be  actually  evaporated 
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under  certain  conditions  in  order  to  produce  one  ton  of 
eration. 

20.  But  just  the  choice  of  these  certain  condition^  upon  which 
the  standard  unit  shall  be  based  has  so  far  prevented  an  agreement 
between  the  parties  concerned. 

21.  For  the  establishment  of  a  standard  unit  of  refrigeration  it 
is  necessary  to  agree  on  the  speed  of  the  machine  and  on  the  tem- 
poraturos  or  pressures  which  shall  form  the  bases  for  all  ealcnla- 
tions.  As  soon  as  such  bases  are  found  and  accepted,  the  entire 
question  is  settled. 

Speed  of  Machines. 

22.  Up  to  the  present  time  the  most  serious  trouble  is  the  great 
difference  in  the  speed  of  the  machines. 

Some  of  the  builders  use  good  practice  and  base  their  machinefl 
on  a  piston  speed  of  from  125  feet  for  the  smallest  up  to  800  feet 
for  the  largest  machines. 

23.  Others  are  not  so  particular^  and  use  a  speed  of  from  150  to 
450  feet  per  minute.  Still  others  don't  care  at  all  for  any  propor- 
tions, but  simply  increase  the  speed  of  one  and  the  same  machine 
if  a  larger  capacity  is  needed,  just  to  meet  competition  regardless 
of  the  efficiency  or  the  life  of  the  machine. 

24.  Such  conditions  are  not  known  in  any  other  branch  of  me- 
chanical engineering.  Standard  regulations  like  those  accepted  in 
steam  and  electrical  engineering  should  also  be  possible  in  re- 
frigerating engineering. 

25.  Recently  it  has  been  proposed  to  adopt  50  revolutions  per 
minute  as  the  speed  for  all  machines  regardless  of  size.  Such  an 
effort  is  arbitrary  and  against  the  principles  of  modem  engineer- 
ing. It  would  mean  for  the  refrigerating  machines  as  much  as 
a  proposition  of  80  revolutions  per  minute  for  all  steam  engines 
or  500  revolutions  per  minute  for  all  dynamos. 

26.  The  speed  must  necessarily  be  expressed  in  feet  piston 
travel  per  minute,  and  the  number  of  feet  must  be  chosen  with  due 
regards  to  the  fact  that  all  compressors  have  poppet  valves  instead 
of  positively  meehanically  governed  valves  like  the  steam  engine. 

For  this  reason  the  sj)eed  of  a  compressor  can  never  be  as  high 
as  the  speed  adopted  for  the  steam  engine. 

27.  I  have  been  in  favor  of  a  speed  of  250  feet  as  a  standard* 
But  after  a  careful  comparison  of  the  speed  of  well  proportioned 
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macliines  in  actual  practice,  I  think  it  will  be  necessary  to  divide 
the  speed,  in  several  classes,  in  order  to  prevent  too  great  a  de- 
parture from  the  present  common  practice. 

28.  All  machines  with  a  stroke  of  8  inches  and  less  are  of  little 
or  no  importance  and  could  be  excluded.  The  machines  above  8- 
ineh.  strokes  could  be  divided  into  four  classes,  for  which  the  stan- 
dard piston  speed  per  minute  should  not  exceed: 

180  feet  for  machines  with  a  stroke  ap  to  and  including  12  inches; 
240     "       "  '*  "     *'       "      over  12  and  including  24  inches; 

300     '•       **  "  "     '*       "         "    24   ••  •'  36      ** 

360     "       •'  "  "     ••       "         **    86  inches. 

29.  A  comparison  of  this  proposition  with  the  present  rating  of 
the  manufacturers  of  two  of  the  leading  machines,  shows  the  fol- 
lowing table  of  speed: 
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Temperature  vs.  Pressure. 

A  «:lanee  at  any  ammonia  table  must  convince  lis  that  the  tem- 
perature^ and  not  the  pressure  is  the  basis  for  all  calculations  of 
the  capacity  of  a  refrigerating  machine.  This  fact  is  not  at  all 
a  matter  of  choice,  but  it  is  dictated  by  natural  conditions. 

The  cliange  in  the  temperature  of  the  atmosphere  and  of  the 
water  supply  is  the  cause  of  changes  of  the  ammonia  pressure,  but 
a  chancre  in  the  latter  can  never  produce  a  change  in  the  fonner. 

All  the  properties  of  ammonia  are  based  on  the  absolute  tem- 
}H»ratiire  from  which  the  different  pressures  are  derived. 

Anil  yet,  in  spite  of  this  fact,  most  all  calculations  of  the  capa- 
city of  refrigerating  machines  are  based  on  the  suction  and  con- 
<lensin<r  pressures,  which  are  often  expressed  in  fractions  of  one- 
hundretlths  of  a  pound,  which  of  course  can  not  be  read  on  any 
piu^e. 

l^he  consequence  of  such  a  faulty  method  is  that  the  exact 
knowliHl<j:c*  of  the  relations  between  temperature  and  pressure  are 
M»KIoni  fully  understood  by  those  who  operate  this  class  of  ma- 
rhine<,  and  that  it  is  possible  that  for  a  place  having  a  condensing 
wat<*r  with  85  degr(»es  a  machine  is  furnished  of  which  the  capa- 
city is  based  on  a  temperature  of  60  degrees. 

Tlu"  ]>resent  method  of  allowing  two  and  even  more  tons  of  re- 
frigeration fi>r  one  ton  of  ice-making  capacity  is  also  caused  by 
the  <li>re<rar<l  of  temperatures,  because  the  boiling  point  of  the 
aiiiiu<»nia  for  ice-making  musj:  be  much  lower  than  the  one  taken 
at  pres4»nt  as  a  basis  for  refrigeration.  I  know  of  a  case  where  a 
ina<diine  of  ir)0  tons  refrigerating  capacity  had  to  be  worked  up 
t«i  its  full  ca]>acity  to  produce  65  tons  of  ice. 

The  ainnionia  tables  in  practical  use  give  for  each  degree  from 
minus  40  up  to  phis  100  the  absolute  and  gauge  pressures,  volumes 
and  weights  of  the  ammonia,  but  for  only  two  even  numbers  of 
jMMinds  iran^e  prej^ure  (76  and  87  pounds)  the  corresponding  tem- 
j»<*ratur«*s,  and  all  the  others  must  be  calculated  or  assumed. 

This  <»vil  can  be  easily  corrected  by  basing  all  calculations  of 
the  caimcity  on  the 

Teni[)erature  to  be  produced,  and 

Actual  temperature  of  the  condensing  water. 
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Temperature  to  he  Produced. 

From  zero  required  for  sharp  freezers  up  to  60  degrees  for 
certain  rooms,  the  range  in  temperatures  is  a  very  large  one. 

The  standard  should  be  a  fair  average  of  the  temperatures  most 
needed,  and  this  is  no  doubt  the  temperature  required  for  ice- 
making,  combinations  of  ice-making  and  cold  storage,  and  re- 
frigerating plants  with  brine  circulation. 

A  temperature  of  15  degrees  Fahr.  as  a  basis  would  therefore 
be  most  suitable  for  these  purposes,  and  would  give  a  boiling  pobt 
of  zero  and  a  suction  pressure  of  about  15  pounds.  It  could  be 
applied  for  about  90  per  cent,  of  all  plants,  and  the  balance  of  10 
per  cent,  for  which  temperatures  below  or  above  15  degrees  are 
required  could  be  based  on  especially  prepared  equations  or  tables. 


Actual  Temperature  of  Condensing   Water. 

Different  parts  of  the  country  furnish  water  of  a  great  dif- 
ference in  temperature.  Water  as  low  as  50  is  found  at  some 
places  in  the  North;  an  average  of  65  degrees  in  the  East;  and 
from  75  to  85  degrees  in  the  West  and  South.  But  comparatively 
few  plants  can  depend  on  an  abundance  of  water,  which  is  clearly 
demonstrated  by  the  rapidly  increasing  demand  of  cooling  towcia 

The  temperature  of  water  of  the  greatest  part  of  this  countiy 
is  from  72  to  78  degrees,  and  wherever  a  cooling  tower  is  used  it 
will  furnish  a  water  of  about  the  same  temperature,  whether  the 
initial  temperature  was  60  or  85  degrees,  some  extreme  conditiona 
not  counted. 

A  condensing  water  of  75  degrees  as  a  basis  would  certainly  be 
in  line  with  the  great  majority  of  actual  conditions.  A  few  de- 
grees more  or  less  than  75  could  not  change  conditions  very  mate- 
rially, as  a  difference  of  5  deji^rees  does  not  amount  to  more  than 
about  1  per  cent,  more  or  less  capacity,  which  is  small  compared 
with  a  factor  of  75  per  cent,  as  the  basis  for  the  efficiency  of  the 
compressor. 

With  a  condensing  water  of  75  degrees  and  a  modem  condena- 
ing  apparatus,  or  with  a  special  liquid  cooler  in  connection  with 
an  old  style  condenser,  a  liquid  ammonia  of  80  degrees  can  be 
easily  obtained. 
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Displacement  of  the  Compressor. 

e  displacement  of  the  compressor  is  dependent  upon  the  con- 
L3  already  mentioned.  Taking  as  a  standard  basis  284,000 
3I1  tliennal  nnits  as  the  heat  value  of  one-ton  refrigeration; 
Bgrees  as  the  temperature  to  be  produced ;  zero  as  the  boiling 
t  of  the  ammonia  to  be  evaporated;  555,500  British  thermal 
>  as  the  heat  of  vaporization  of  one  pound  at  said  boiling  point, 
i>.1107  ]>ound  as  the  weight  of  one  cubic  foot  of  vapor  at  said 
iiijr  point ;  80  degrees  as  the  temperature  of  the  liquid  am- 
lua,  and  75  per  cent,  as  the  efficiency  of  the  compressor,  the 
iidard  displacement  per  minute  per  ton  of  refrigeration  in  24 
ars. 

284,000 


(555.50  -  80)  X  0.1107  x  1440  x  0.75) 
T  5  cubic  feet  (8,640  cubic  inches). 


=  4.992 


Standard  Unit  of  Refrigeration, 

Recapitulating  my  propositions,  the  requirements  for  a  standard 
unit  of  refrigeration  would  be  as  follows : 

1.  284,000  British  thermal  units  as  the  latent  heat  of  2,000 
pounds  of  ice  constitute  one  ton  of  refrigeration. 

2.  The  efficiency  of  the  ammonia  compressor  is  75  per  cent,  of 
the  theoretical  capacity. 

o.  The  limit  of  piston  travel  in  feet  per  minute  shall  be 

180  feet  for  strokes  up  to  and  including  12  inches  ; 
240    '•      ••        "    over  12  '*  "        24      *' 

300    ••      "        *♦        "    24  *'  '*        06 

360    •'      "        **        "    36  inches. 

4.  The  temperature  to  be  produced  15  degrees  Fahr.,  and  the 
wiling  point  of  the  evaporating  ammonia  is  zero. 

5.  The  temperature  of  the  condensing  water  is  taken  at  75 
^i^'grees  Fahr.,  and  the  temperature  of  the  liquid  ammonia  at  80 

6-  The  displacement  of  the  compressor  must  be  5  cubic  feet, 
'•J"  ^M^s  cubic  inches,  per  minute  for  each  ton  of  refrigeration 
i»  -4  hours. 
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Hence  we  have 

0.75  X  1,440  X  (555.50  -  80)  x  0.1107  x  5  ^  ^  ^^^g 

284,000  '  ' 

representing  actually  one  practical  ion  of  refrigerattan. 

Ice-Making  Capacity. 

It  may  be  interesting  to  find  the  relations  between  one  ton  of 
refrigeration  and  one  ton  of  ice-making  under  the  very  same  con- 
dition as  taken  for  the  standard  unit  of  refrigeration. 

With  a  cooling  water  of  75  degrees,  the  water  coming  from  the 
re-boiler  with  212  degrees  must  be  cooled  before  it  can  enter  the 
ice-making  apparatus,  and  it  can  therefore  be  taken  again  at  t 
temperature  of  80  degrees.  By  means  of  evaporating  aniTnonia 
it  must  be  cooled  to  32  degrees,  and  after  being  frozen  the  ice 
must  be  cooled  down  to  15  degrees.  To  simplify  matters,  we 
will  take  the  specific  heat  of  the  ice  also  at  1  instead  of  0.5,  and 
the  work  to  be  done  would  then  be  the  transfer  of  the  sensible 
heat  of  2,000  x  (80  -  15)  =  130,000  British  thermal  units,  in 
addition  to  the  latent  heat  of  284,000  British  thermal  units. 

The  total  of  414,000  British  thermal  units  would  then  consti- 
tute the  heat  value  of  one  ton  of  ice-making,  and  one  practical 
ton  of  refrigeration  would  be  equal  to 

0.75  X  1,440  X  (555.5  -  80)  x  0.1107  x  6      ^^^^ 
414,000 =  °-^^* 

or  0.68  to7i  of  aci^ial  ice-mahing  capacity , 

The  following  Table  of  Capacities  give  a  comparison  of  the 
builders'  rating  with  the  actual  capacities  according  to  my  propo- 
sition for  a  standard  unit. 

It  proves  conclusively  that  the  machines  mentioned  are  not 
based  on  uniform  rules.    While  the  capacity  of  most  of  the  single- 
acting  machines  comes  very  near  \Wthin  the  results  from  applying 
my  proposition  for  a  standard  unit,  the  capacities  of  most  of  the      \ 
double-acting  machines  show  very  great  differences.  ] 

The   true   proportions   between   refrigerating  and  ice-maUng      * 
capacity  hold  good  for  the  single-acting  machines^  but  not  for  the      ., 
double-acting  machines,  which  for  s(»veral  good  reasons  fall  short 
in  actual  practice,  which  fart  is  plainly  demonstrated  by  the      ' 
builders'  rating  for  ice-making  capacity. 
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Conclusion, 

It  has  been  my  endeavor  to  show  that  the  pressures  as  a  bflsn 
for  calculation  are  in  place  and  necessary  for  computing  the  power 
required,  but  that  for  computing  the  capacities  of  refrigerating 
machines  the  temperatures  are  the  only  correct  basis. 

As  this  subject  is  of  great  interest  to  a  great  number  of  indns- 
tries,  I  beg  leave  to  suggest  that  a  committee  may  be  appointed 
consisting  of  members  of  this  Society  actually  engaged  in  re* 
f  rigerating  engineering,  and  that  such  committee  may  have  tbe 
power  to  cooperate  with  all  the  committees  already  appointed 
by  the  associations  of  builders  and  owners  of  ice  and  refrigerating 
machinery  for  the  sole  purpose  to  establish  a  Standard  Unit  of 
Refrigeration. 

DISCUSSION. 

Mt\  Gardner  T.  Voorlipfs, — Tn  re])ly  to  Mr.  Bortsch's  paper 
on  tlio  Standard  Tiiit  of  Refrigeration  T  wisli  first  to  briefly  re- 
view the  efforts  that  liave  been  made  in  this  lino. 

In  my  work  as  a  Kefri^c^ratiiig  Engineer,  for  a  long  time  I 
have  l)een  greatly  iinprc^ssed  by  the  great  differences  of  opinion 
regarding  the  eapaeity  of  refrigerating  machines. 

In  a  series  of  artieles  tliat  1  ]niblished  in  Ice  and  Refrigeratia^ 
of  ^lay,  June,  July,  Anirnst,  September  and  October,  1902,  en- 
titled *'  Analyzing  the  (\>ni]>ressor,"  I  endeavored  among  other 
tilings  tn  indieatc*  a  l)asi<  for  ac(Mirately  determining  the  caparity 
of  sneh   refrigerating  machines. 

!My  eorres])ondenee  with  the  prominent  builders  of  sneh 
machines  at  that  time  so  im])ressed  nio  with  the  great  diversity 
of  ratings  f(H'  ca]>acity  that  1  determined  to  try  and  have  a  stan- 
(hird  unit  ton  f(>r  refrigerating  machines  adopted  by  those  most 
interested. 

It  was  my  intention  to  have  personally  presented  this  subjeci 
before  the  Society  at  its  last  winter  mc^eting,  but  my  duties  h 
connect i(»n  with  the  St.  Lonis  World's  Fair  Refrigeration  Ex 
hihil  at  tliat  time  j)revented  my  being  at  the  meeting  as  the» 
same  duties  have  at  ])rescnt  ]>revented  my  preparing  a  mop 
elabnrate  j)a])er. 

1  bronght  the  (juestirm  to  the  attention  of  the  Society  in  letter 
of  l)ec('ml)er  o  an<l  '2'2,  r.M):3,  and  asked  that  a  committee  be  af 
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)oiiited  to  consider  the  question.  In  my  letter  of  December  2  2d, 
I  suggested  the  following  as  a  basis  on  which  to  attempt  to  frame 
mles  for  the  standard  unit  ton  for  all  classes  of  refrigerating 
taachines. 

First:  As  referred  to  compression  machines,  the  use  of  the 
factor  (cubic  displacement  of  compressor  per  revolution  per  ton 
of  refrigeration). 

Second:  For  absorption  machines,  cubic  displacement  of  the 
liquor  pump;  per  stroke,  per  ton  of  refrigeration,  with  accom- 
panying difference  in  percentages  of  ammonia  contained  in  the 
strong  and  weak  liquors. 

I  personally  brought  up  the  question  at  the  last  February 
meeting  of  the  Southern  Ice  Exchange  at  Atlanta,  Ga.,  with  the 
result  that  I  had  the  honor  to  be  appointed  chairman  of  a  com- 
mittee of  five  from  that  association  to  consider  the  subject  and 
report. 

Through  the  active  efforts  of  Mr.  J.  F.  Nickerson,  the  pub- 
lisher of  Fee  and  Refrigeration,  and  Mr.  J.  C.  Atwood,  manager 
of  the  National  Ammonia  Co.,  similar  committees  were  appointed 
at  the  last  March  meetings  of  the  Southwestern  Ice  Manufac- 
turers' Association  at  Dallas,  Texas;  The  Indiana  Ice  Manufac- 
turers' Association  at  Indianapolis,  Ind.,  and  the  Western  Ice 
ifanufactnrors'  Association  at  Kansas  City,  Kansas. 

»^ince  the  above  committees  were  appointed  the  Ice  Machine 
fiuilders  of  this  country  have  organized  an  association  and  have 
<levoted  some  little  time  to  discussion  and  tests  that  may  help  to 
establish  such  a  unit. 

Xuiiierous  articles  bearing  on  the  subject  have  been  published 
ffoni  time  to  time  in  the  columns  of  lee  and  Refrigeration  by 
Prof.  J.  E.  Siebel,  Eugene  T.  Skinkle,  J.  C.  Bertsch,  A.  E. 
?iebert  and  myself.  For  the  benefit  of  those  who  may  be  inter- 
sfed  to  review  those  articles  I  give  the  following  references  to 
iepafr<*s  of  Ice  and  Refrigeration: 

1008. 
loath.  Pa^e.  Author.  Subject. 

rrb. . .  88d-88e. . .  G.  T.  Voorhees  . . .  Introduction  of  subject  at  South- 

ern Ice  Exchange  Meeting. 
. .  .  194         ...  Ice  Machine  Builders. . .  Pro|)Osed  rule   for  Standard  Unit 

Ton. 
I    ...232         ..."  ••  •*        ...  Criticism  of  Builders  Unit  by  edi- 

torial. 
...   1^18     ...£.  T.  Skinkle  ...Capacity     of     Compressor,    with 
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Month. 
Aug.    , . . 


(< 


(t 


ti 


Nov. 


Page. 
47-50     . . . 


1908.— (ConUDaed.) 
Author. 


G.  T.  Voorhees 


Aug. 

. . .  50-51     ...  A.  Siebert 

Sept. 

...  110        . . .  G.  T.  Voorhees 

K 

...  101-102...  E.  T.  Skinkle 

n 

. . .  102-103. . .  Prof.  J.  E.  Siebel 

ft 

...  103         ...  A.  Siebert 

Oct. 

. . .  129-131. . .  G.  T.  Voorhees 

131-133...  A.  Siebert 


140 
195-11)6... 


Sabject. 

. . .  General  review  of  sabject.  Rnkr 
suggested  and  carves  for  ctps- 
city.  Criticism  of  Skinklei 
tables. 

. . .  Criticism  of  Skinkle^s  tables  and 
proposed  new  formola. 

. . .  Diagramatic  representation  of  am- 
monia in  a  compression  cycle. 
Criticism  of  Siebert's  fnrmoli. 

...  Reply  to  criticisms  of  Vooriieei 
and  Siebert. 

. . .  Criticism  of  Siebert's  fozmalt. 

. . .  Criticism  of  Yoorbees*  articles. 

. . .  Reply  to  Slcinkle*s  criticism  widi 
curves  showing  Voorhees*,  SUb- 
kle's  and  Siebert's  resului  and 
correction  to  apply  to  page  110 
of  Septem1)er  artide. 

. . .  General  discassion  of  sabject,  witli 
tables,  together  with  discassloB 
of  Voorhees',  Skinkle's  and  Sie- 
bert's articles. 

. . .  Reply  to  criticism  of  Siebei,  Voor- 
hees and  Skinkle. 
Ice  Machine  Builders. . .  Brief  notice  of  tests  for  unit  too. 
<i.  T.  Voorhees  . . .  Criticism  of  Bertsch's  article. 


125-128...  J.  C.  Bertsch 


A  l)ri('f  snniniiirv  of  tlie  jxunts  disciissed  are  as  follows: — 
Sii]K*rln'ati!i^  cffcrt,  formula*  for  (»apacity,  niles  for  capacitv, 
general  curves  and  tal)l(»s. 

The  rules  ]>roi)ose(l  by  iiie  in  these  articles  were  as  follows: — 


For  Am  mania  Comprpssion  Machines. 

First:  A  standard  unit  ton  of  refrigeration  is  284,000  Britisli 
thennal  uuits. 

Second:  A  refrigeratine;  niaeliine  must  operate  continuously 
for  '2-\  hours  to  do  refrie:(M'atiou  equal  to  it«  rated  capacity. 

Third:  A  refriireratintr  machine  shall  operate  at  fifty  revo- 
lutions per  minute  \vh(»u  rated  at  its  standard  capacity. 

Fniirfh:  The  standard  <lisplaeement  of  an  ammonia  compressor 
of  one  ton  capacity  is  five  cubic  feet  per  minute. 

Fifib:  The  approximate  displacement  per  minute  of  a  com- 
pressor ]>er  ton  of  r(»frifferation  at  a  back  pressure  other  than  13 
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pounds  per  square  inch  gauge  and  a  temperature  of  water  to  the 

condenser   other  than  75  degrees  Fahr.  is  5  cubic  feet  plus  or 

minus   .18   cubic  feet  for  each  pound  that  the  back  pressure  is 

\)elovr  or  above  15  pounds  and  plus  or  minus  .001  cubic  feet  for 

each  degree  that  the  temperature  of  water  to  the  condenser  is 

above  or  below  75  degrees  Fahr. 

Referring  now  to  Mr.  Bertsch's  valuable  paper,  I  offer  the 
following  criticisms: 

The   statement,  article  14,  "  One  ton  of  refrigeration  is  the 
latent  heat  absorbed  or  set  free  by  melting  or  making  one  ton 
of  ice  of  32  degrees  to  or  from  water  of  32  degrees  Fahr."  would 
seem  to  be  more  concise  if  stated  as  follows: 

One  ton  of  refrigeration  is  the  measure  of  the  heat  taken  up 
or  given  out  by  melting  or  making  2,000  pounds  of  ice  of  32 
degrees  Fahr.  to  ox  from  water  of  32  degrees  Fahr.  This  removes 
the  objection  of  synonymously  using  (ton  of  refrigeration)  and 
(latent  heat). 

"  Ciiven  out  "  seems  to  be  more  appropriate  than  "  set  free  " 
and  *'  2,000  pounds  "  obviates  the  question  as  to  whether  a  short 
or  long  ton  is  meant. 

For  the  hitter  part  of  article  15,  the  phrase:  "and  to  arrive 
at  the  actual  amount  of  anmionia  needed,  we  must  consider  the 
unavoidable  losses  of  heat  during  the  process  of  vaporization," 
.*iOPiiis  more  correct  if  it  reads :  "  and  to  arrive  at  the  actual 
niiiuiint  of  amuionia  needed  we  must  consider  the  unavoidable 
ffttin  or  loy<  of  heat  to  or  from  the  system  during  th-e  process  of 
ref  r  iteration  y 

In   the  wvond  clause  of  article   16,  only  the  effect  of  a  dry 
r-f>iii pressor  is  noted;  whereas  a  wet  compressor  would  have  addi 
tional  weight  of  ammonia  introduced  through  the  expansion  valve 
t<»  c^m nteract  the  superheating  effect  during  compression. 

Article  19,  after  speaking  of  the  25  per  cent,  loss  in  capacity 
f>f  conipn»ssor  in  article  18  the  statement  that  the  efficiency  of 
the  compressor  is  an  undisputed  fact  seems  erroneous  in  two 
respects. 

First:  That  the  use  of  the  word  efficiency  is  not  correct.  It 
iiii^ht  be  worded  as  follows,  ''  and  also  the  loss  of  heat  and  the 
rffertive  capacity  of  the  compressor  as  undisputed  facts." 

Second:  That  the  effective  capacity  of  the  compressor  is  a  very 
much  disputed  fact.  I  admit  that  the  work  and  tests  of  Professor 
I>ciitoii  are  the  best  data  we  seem  to  have  at  the  present  time, 
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and  that  probably  the  25  per  cent,  loss  of  capacity  is  corrtd 
for  certain  back  and  condenser  pressures.  But  I  firmly  believe 
tliat  future  experiments  will  show  that  the  eflFective  capacity  of 
the  compressor  is  a  variable  quantity  depending  on  the  back  and 
condenser  pressures,  the  nature  of  the  compressor  (wet  or  dirj 
and  the  area  and  nature  of  the  surfaces  that  the  refrigerant  comes 
in  contact  with  between  the  time  that  it  leaves  the  cooler  until 
it  is  trapped  in  the  com])ressor. 

1  believe  that  the  loss  of  capacity  will  be  more  than  25  per 
cent,  for  back  pressures  less  than  15  pounds  gauge  and  condens- 
ing water  hotter  tlian  75  degrees  Fahr.  and  less  than  25  percent, 
for  back  pressures  more  than  15  pounds  gauge  and  condenang 
water  colder  than  75  decrrees  Fahr. 

My  theory  closely  follows  th(»  cylinder  condensation  phenomena 
of  the  bteam  engine  and  seems  to  be  borne  out  by  general  experi- 
mental data. 

Articles  25,  20,  27  criticise  my  suggestion  for  the  adoption  of 
a  standard  number  of  revolutions  for  the  compressor  and  suggest 
a  sort  of  sliding  S(!ale  of  piston  speeds. 

I  believe  tlie  general  rules  to  be  adopted  should  be  as  simple 
as  jxwsible,  and  1  suggest  that  if  a  standard  number  of  revolutions 
can  bo  agreed  u])on  that  it  will  much  simplify  the  final  rale& 
For  instance,  the  variation  in  ])iston  s})eed  suggested  by  Mr. 
Bertsch  is  100  per  cent.,  while  from  an  inspection  of  the  tables 
])ublishe(l  in  his  paper  on  page  7  it  is  e\'ident  that  there  is  not  such 
a  larg(»  variation  in  the  number  of  revolutions. 

It  is  not  necessary  to  maintain  the  arbitrary  proportion  between 
the  diameter  of  ])iston  and  length  of  stroke  as  in  these  tables.  I* 
is  evident  that  where  the  length  of  the  stroke  is  twice  the  diam* 
eter  of  the  cylindc^r  (as  is  th(^  case  with  many  up-to-date  machines] 
that  a  fixed  number  of  revolutions  as  50  would  give  just  the  sarat 
dis])lacement  as  a  greater  number  of  revolutions  and  a  smallei 
stroke  for  the  same  diameter  of  piston. 

Why  not,  as  new  patterns  are  gotten  out,  make  the  smallei 
machines  with  extra  long  strokc^s  and  the  larger  machines  witl 
shorter  strokes  so  that  a  standard  number  of  revolutions  mav  b< 
a(loj)ted  ? 

]\rv  argiunent  as  advanced  in  favor  or  revolutions  in  place  o 
piston  speed  is  as  follows,  from  ])age  49,  August,  1003,  Ice  an^ 
Refri(je  ration, 

"  Why  should  not  a  comi)ressor  run  at  a  high  piston  speed  lik 


the  valve.     Such  a  difference  of  pressure  is  out  of  the 
where  low  back  pressure  is  to  be  maintained  in  the 
during  the  suction  stroke. 

0  rapid  reciprocation  of  the  piston  will  either  cause  the 
alve  to  so  act  that  the  pressure  in  the  cylinder  is  much 
that  in  the  suction  pipe,  or  else  the  rapid  motion  of  the 
11  not  give  the  valve  time  enough  to  overcome  its  inertia 
ge  the  direction  of  its  motion,  with  the  result  that  the 

1  never  be  fully  open  or  fully  shut.  The  result  of  such 
idently  greatly  cuts  down  the  capacity  of  the  compressor 
t  would  not  do  as  good  work  at  quite  high  speeds  as  it 

slower  speeds. 

ill  know  from  the  steam  engine  that  the  limit  of  possible 
eed  in  the  compressor  is  never  reached  so  far  as  operat- 
piston  and  stuffing  box  are  concerned.     It  seems  to  me 

piston  speed  should  not  enter  into  the  question.  The 
'Stion  seems  to  me  to  be :  How  many  times  per  minute 
valves  l)e  made  to  reciprocate  to  advantage?  If  I  owned 
•ated  a  compressor  I  would,  from  my  experience,  set  the 
fifty  revolutions  per  minute. 

itever  the  number  of  revolutions  finally  settled  upon  as 
Ivisable  it  is  e\ndent  that  it  will  apply  equally  well  to  a 

a  small  machine  so  long  as  the  machine  has  equal  valve 

equal  weights  of  gas  pumped  at  equal  pressures.  A  con- 
m  of  this  may  show  a  marked  difference  not  only  in  the 
t  makes  of  machines  but  in  different  sizes  of  the  same 
f  machines;  and  may  lead  in  the  future  to  different  pro- 

between  diameter  and  stroke  so  as  to  give  larger  valve 

dition  to  the  above  I  will  re]>eat  a  remark  that  was  made 
by  a  very  successful  refrigerating  machine  builder,  "  I 
cheaper  to  install  ample  compressor  displacement  rather 
install  extra  expansion  coils,  condensers,  ice  cans,  etc." 
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There  is  a  whole  vohime  of  coininon  sense  in  the  above  state- 
ment and  a  careful  study  of  its  results  would,  I  think,  lead  to  i 
conclusion  that  a  slow  running  machine  is  a  good  investment  botb 
for  the  builder  and  the  purchaser. 

Mr.  Bertsch  implies  that  we  should  adopt  temperaturea  rathei 
than  pressures  bet'ause  temperatures  are  given  in  even  niunben 
in  the  ammonia  tabk^  while  pressures  are  usually  expressed  a: 
fractions.  This  seems  to  Ix^  no  argument,  for,  if  desired,  ammonii 
tables  can  easily  be  calculated  with  pressures  in  whole  numbers 
and  temperatures  generally  in  fractions. 

Mr.  Bertsch  asssumes  that  there  should  be  a  difference  of  \l 
degrees  Fahr.  Ix^tween  the  boiling  point  of  the  refrigerant  anc 
the  temperature  of  the  substance  to  be  cooled.  A  difference  as 
great  as  this  is  not  found  in  modern  practice  where  shell  or  doubl( 
tube  brine  coolers  are  used,  for  with  such  coolers  a  minimun 
difference  of  tem])eratures  of  from  .3  degrees  Fahr.  to  5  degreei 
Fahr.  is  usual  wliile  10  degrees  Fahr.  difference  is  a  maximum. 

Referring  to  the  rnlc^,  the  tirst  one  is  not  well  worded,  while  foi 
rule  two,  1  suggest  that  the  word  efficiency  should  be  changed  \i 
effect  ire  capacity.  Rule  thrcn^  does  not  seem  to  be  simple  enough 
Itulo  four  is  too  arbitrary  and  not  based  on  standard  conditions  tc 
give  the  best  economy;  I  advise  back  pressure  as  a  basis  to  fig 
ure  on. 

In  obtaining  the  factor  0.G8  as  the  multiplier  to  be  applied  t( 
the  tons  refrigerating  capacity  to  obtain  the  tons  ice  making 
capacity,  no  account  has  been  taken  of  the  gain  of  heat  by  radia 
tion  to  the  ice  making  tanks  or  of  the  loss  of  ice  in  thawing  fron 
the  cans  or  ])hites. 

I  wish  to  call  attention  to  the  rule  adopted  by  the  Ice  MachuM 
Bui^kMs'  Ass(K*iation  as  ])ul>lislied  o\\  ])age  194  of  the  May,  W^^ 
number  of  he  and  Ilefricje ration  which  reads:  "It  is  acknovrl 
edged  by  the  Jce  Machine  Buildei-s'  Association  of  the  Unitet 
States,  here  assenibh-d  :  that,  in  the  operation  of  refrigeratiUj 
machinery  it  recjuin^s  the  eva])oratioii  of  27.7  pounds  of  anhydrou 
ammonia  ])er  hour  at  a  ])ressure  of  15.67  pounds  above  atnio^ 
pher(\  condensing  ])ressure  to  be  taken  at  185  pounds  above  atm^ 
phere,  to  phmUkm^  an  efl'eet  ecjual  to  the  melting  of  one  ton  of  ^^ 
])er  twenty-four  hours,  and  that  the  capacity  ratings  of  refrige^ 
ing  machines  shouhl  be  iigurcMl  on  this  basis." 

This  rule  seems  to  be  framed  much  as  that  for  the  standa^ 
l>oiler  horse-power  and  it  is  good  as  far  as  it  goes,  and  its  io^ 
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Id  be  ideal  if  it  were  as  convenient  to  measure  ammonia  as 
to  measure  water  in  a  boiler  test,  or  if  the  question  of  the 
k\  of  the  machine  were  considered.  Metering  anhydrous 
Qonia  is  very  uncertain  and  requires  specially  constructed 
ers.  I  have  used  the  same  meter  on  some  tests  that  Professor 
iton  used  on  his  tests  and  I  found  that  unless  great  care  was 
n  in  properly  installing  the  meter,  much  gas  would  be  gener- 
I  in  the  liquid  pipe  and  in  the  meter  which  would  make  the 
er  buzz  around  like  a  top  with  results  that  were  anything  but 
ible. 

iirthermore,  it  would  seem  to  me  to  be  very  questionable  as 
whether  anhydrous  ammonia  could  be  successfully  measured 
loiit  using  special  apparatus  and  the  services  of  an  expert  whose 
ices  should  not  be  required  in  so  simple  a  matter, 
he  Ice  Machine  Builders  have  shown  great  interest  in  this  sub- 
and  have  started  to  make  tests  on  one  make  of  machine  with 
evident  purpose  of  gathering  data  upon  which  to  base  the 
dard  unit  ton. 

think  it  unwise  to  attempt  to  derive  data  that  is  supposed 
tand  for  all  time  from  a  single  make  of  machine,  especially 
hat  machine  is  erected  for  the  sole  purpose  of  making 
s  I  think  data  should  be  obtained  from  all  recognized 
(lard  makes  of  machines  and  that  tests  should  be  made  at  the 
OS  wiiere  the  machines  are  in  actual  commercial  operation, 
iacii  machine  builder  can  single  out  one  or  more  of  his  best 
hines  and  have  a  careful  expert  test  made  by  his  own  experts 
or  the  supervision  of  some  reliable  and  impartial  expert. 
i  freneral  rtnuew  of  these  results  should  give  the  necessary 
I  for  the  final  action,  and  then  every  builder  will  have  had 
lianoo  to  have  his  say  and  to  submit  the  indisputable  value 
lis  machine  as  shown  from  verified  tests. 

It  first  thought  I  feel  sure  that  many  of  the  machine  builders 
I  objoet  to  this  method  as  they  seem  to  have  a  mistaken  idea 
t  their  com])etitors  would  get  the  better  of  them  and  that  the 
»Hc  in  general  wouhl  learn  too  many  things  that  they  should 
know.  However,  T  believe  thai  a  careful  consideration  will 
ivince  most  of  the  builders  that  such  a  course  would  have  manv 
•antagos  in  bringing  to  light  the  best  points  of  all  machines 
that  all  could  profit  th(*re))v  in  discarding  old  and  undesirable 
^sand  gradually  adopting  the  better  and  more  modern  methods. 
I^t  the  public  know  more  about  ice  machines  and  remove  the 
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general  impression  that  there  is  something  very  unusual  in  thei 
construction  and  operation  and  the  jmblic  will  very  shortly  wan 
more  machines. 

It  is  mv  intention  to  offer  every  faeilitv  for  such  tests  to  h 
made  upon  the  several  different  types  of  machines  to  be  exhibite< 
at  the  St.  Louis  World's  Fair  next  year,  and  I  will  be  glad  if  al 
the  recognized  experts  in  this  or  any  country  will  get  together  an< 
suggest  ni(»tho(ls  for  and  help  conduct  such  tests. 

In  closing  T  wish  to  apologize  for  taking  so  much  time  m 
touching  on  points  not  covered  in  Mr.  Bertsch's  paper. 

My  only  excuse  is  the  great  interest  I  take  in  tliis  subject 

Mr,  Tlios,  Sh  ipley, — Tt  is  because  I  do  not  believe  that  some  o 
the  statements  made*  in  the  paper  under  discussion  should  be  a 
lowed  to  go  on  record  as  facts,  that  I  felt  called  upon  to  mak 
these  remarks. 

It  is  th(^  fa(»t  that  no  unit  of  refrigeration  has  been  adopted  b 
the  engineers  (»ngag(Ml  in  tlie  manufacture  or  operation  of  i< 
and  refrig(^rating  machinery,  and  it  is  also  the  fact  that  evei 
engineer  so  engaged  has  felt  the  need  of  the  adoption  of  son 
unit  upon  which  tli(»  commercial  rating  of  ice  and  refrigeratiB 
machinerv  could  Ix*  based. 

c 

The  unit,  if  it  may  b(»  called  such,  must  be  based  upon  t 
adoi>t(Ml  Lack  or  suction  jiressure,  as  ujion  this  back  or  8ucti< 
pressure   d(*])ends    the   conditions  under  which   the   ammonia 
eva])orated  and  the  work  done. 

T  sp<^ak  of  annuonia  as  th(»  refrigerant;  it  is  the  one  that 
almost  universally  used,  and  also  because  to  attempt  to  adopt 
separate  unit  for  ev(»rv  refrigerant  would  be  an  endless  job  ai 
not  advisal)le  at  this  sta^^e  of  the  art. 

Wlien  once  a  standard  back  jiressure  has  been  adopted,  thentl 
unit  has  lu'cn  arrived  at;  the*  back  pressure  has  been  the  bone 
cont<Mition  and  must  l>e  agreed  upon  before  anything  else  can 
done. 

Mr.  ]>ertsch  makes  tlie  statement  that  the  efficiency  of  a  co 
]UTssor  is  7r>  j>er  cent,  and  bases  this  statement  on  deductic 
made  bv  IVoicssdr  Denton  vears  ago,  and  he  further  states  tl 
this  etticiencv  has  not  been  ]>roven  incorrect. 

In  this  [  must.  c(»rreet  ^Ir.  Hertsch :  75  per  cent,  efficiency 
incorrect,  and  has  Immmi  ])r<)ven  sd  conclusively,  especially  in  1 
recent  tests  made  at   York   by  a  committee  selected  from  1 
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manufacturers  of  ice  and  refrigerating  machinery.  The  three 
members  who  directed  the  test  were  Geo.  Richmond,  representing 
the  De  La  Vergne  Refrigerating  Machine  Co. ;  N.  H.  Hiller, 
representing  the  Carbondale  Machine  Co.;  and  myself,  represent- 
ing the  York  Manufacturing  Co. 

The  fourth  member,  Mr.  Theo.  Vilter,  of  the  Vilter  Manufac- 
turing Co.,  was  unable  to  be  present  at  the  tests. 

The  three  active  members  of  this  committee  are  all  members 
of  this  Society. 

The  compressor  we  used  developed  an  efficiency  of  83  per  cent. 
under  15.67  pounds  back  pressure. 

The  plant  used  in  making  the  tests  was  put  up  for  that  pur- 
pose, and  every  means  possible  was  taken  to  guard  against  errors. 

A  mercury  column  was  used  to  determine  the  back  pressure^ 
as  we  found  gauges  were  not  reliable  for  the  purpose.  We  also 
weighed  the  liquid  ammonia,  as  it  was  impossible  for  us  to  get 
a  meter  which  would  handle  liquid  ammonia  accurately. 

The  plant  was  of  sufficient  size  to  warrant  accuracy,  and  the  tests 
were  nm  for  6  days  consecutively,  hence  the  compressor  efficiency 
obtained  can  be  relied  ui)on. 

The  compressor  was  operated  at  an  average  of  about  70  rev- 
olutions ])er  minute. 

As  to  the  i)roper  speed  at  which  a  compressor  should  be  oper- 
atnl,  I  will  say  that  from  tests  which  are  now  being  carried  on 
on  the  same  test  plant  under  my  direction,  it  has  been  shown 
that  the  efficiency  of  a  compressor  increases  as  the  revolutions 

• 

increase. 

The  speed  tests  were  made  for  each  10  revolutions  from  40  to 
100,  the  compressor  being  18-inch  stroke. 

There  is  no  question  whatever  that  the  efficiency  of  the  dif- 
f<  n'nt  tyi)os  of  machines  varies,  hence  the  adoption  of  a  standard 
^'ompressor  displacement  per  ton  of  refrigerating  would  not  be 
P^il)le  any  more  than  it  is  possible  to  adopt  a  standard  amount 
"f  steam  per  horse-powder  for  all  types  of  engines. 

l^rof.  S.  A,  Reeve. — The  writer  \vishes  in  the  first  place  to 
^^mniend  the  enterprise  of  Mr.  Bertsch  in  bringing  this  subject 
before  the  Society.     It  is  one  which  has  long  needed  attention. 

In  the  second  place,  he  would  suggest  the  advisability  of  sub- 
•wttirifj  this  matter  to  the  consideration  of  a  committee,  for  the 
formulation  of  the  Society's  views  as  to  the  adoption  of  some  such 
^mlard  unit.    To  that  end  he  would  suggest  that  a  committee 
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he  a|)poiiited  by  the  Prosident,  to  report  to  the  Society  at  its  next 
annual  meeting. 

Thirdly,  he  wouhl  suggest  to  such  committee,  if  one  be  ap- 
pointed, the  need  for  a  standard  method  of  expressing  the 
efficiency  of  a  refrigerating  or  ice-making  machine  as  well  as  for 
a  standard  unit  of  rc^frige ration;  for  we  have  no  recognized  method 
now.  To  start  the  discussion,  he  would  surest,  tentatively,  the 
following  method : 

Let  Q  be  the  standard  unit  of  refrigeration,  supposedly  the 
284,000  British  thermal  units  suggested  by  Mr.  Bertsch. 

Let  the  lower  limit  of  tem])erature  be  the  zero-point  (F)  sug- 
gested by  Mr.  Bertsch  or,  in  general,  any  absolute  temperature 
Tj  which  might  be  adopted  in  its  i)lace,  or  which  might  be  left 
undecided  for  variation  to  suit  each  case. 

Let  Tg  be  the*  upper  limit  of  temperature,  that  of  the  condensing 
water,  either  the  586  degrees  absolute  (75  Fahr.)  suggested  by 
]\rr.  Bertsch,  or  the  particular  temperature  applying  in  any  given 
case. 

Then  the  least  amount  of  energy,  measured  in  British  thermal 
units  which  could  possibly  accomidish  tlie  unit  of  refrigeration 
would  be,  in  general, 

^'  ~-^'  284,000  =  Q^, 

<»r,  supposing  the  adoption  of  Mr.  Bertsch's  standard  tempera' 
lures,  Qw=^=  46,204:  British  thermal  units,  or  very  close  to  J 
horse-power  ])er  ton  capacity. 

In  any  given  case  let  the  cirlual  energy  absorbed  in  producing 
the  standard  unit  of  refrigeration  be  qw,  which  will  always  be 
some  (quantity  larger  than  Qw.  Let  the  efficiency  of  any  such 
a  case  be  expresse(l  as 

Tliis  method,  it  is  true,  takes  no  cognizance  of  the  fact  tha 
not  even  a  ])erfect  annnonia-machine  could  ever  hoiie  to  read 
100  ])er  cent,  efficiency.  For  this  n^ason  the  writer  would  per 
sonally  prefer  to  see  the  expression  for  the  efficiency  of  th< 
machine  referred  to  that  of  a  perfect  ammonia-machine,  whici 
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\fould  always  have  an  efficiency  less  than  that  expressed  by  (T2  — 
Ti)  -r-  T|.  But  because  he  finds  that  the  average  engineer  looks 
askance  at  and  will  not  adopt  a  quantity  so  complex  in  its  com- 
putation as  the  eflSciency  of  the  perfect  ammonia-compression- 
machine,  he  suggests  the  use  of  the  simpler  expression  just  given. 
3/r.  S.  II.  Bunnell, — The  adoption  of  an  arbitrary  capacity 
unit  is  much  like  certifying  officially  that  all  machines  have  the 
same  efficiency.  The  condition  imposed  on  the  makers  of  re- 
frigerating machinery  is  that  required  of  all  constructors  of 
machines — that  they  shall  be  able  to  perform  what  they  promise. 
To  do  this  satisfactorily  generally  means  that  the  speed  of  ma- 
chines must  not  be  too  high,  the  consumption  of  power  too  great, 
or  the  liability  of  accident  too  imminent.  If  the  manufacturer 
can  construct  an  apparatus  of  superior  efficiency  with  out  sacri- 
ficing essentials  such  as  these  he  should  have  the  benefit  of  his 
efforts. 

The  high  acting  slow  speed  American  compressor  with  pistons 
running  to  practical  contact  with  heads,  must  necessarily  displace 
more  ammonia  per  stroke  than  the  double-acting  machine  of 
j'ame  cylinder  volume,  but  the  latter  may  make  up  for  clearance 
and  valve  loss  by  saving  in  friction  losses  on  account  of  avoiding 
the  idle  stroke.  An  arbitrary  unit  based  on  cylinder  dimensions 
alone  favor  small  and  inefficient  machines  by  giving  them  a 
rating  higher  than  they  deserve. 

The  builder  designs  his  compressor  with   regard  to  the  uni- 
versal retpiirement  of  maximum  efficiency  at  minimum  expense, 
and  select.s  si)eed,  dimensions,  style,  materials  and  workmanshij) 
in  accordance  with  his  judgment.     He  must  not  build  or  run 
his  n»frigerating  compressor   on   other   than    satisfactory    com- 
pressor  lines.      But    the    ratio    of    useful    effect    to    theoretical 
capacity  <lepends  on  his  ability  as  designer  and  constructor,  not 
on  more  cylinder  volume.     The  purchaser  of  a  refractory  plant 
wants  useful  effect,  and  generally  requires  a  practical  demonstra- 
tion, with  due  regard  to  the  power  consumption  and  other  ex- 
p(*njiP8.    If  a  constructor  wants  to  furnish  cylinders  with  a  larger 
clearance  in  order  to  obtain   certain   advantages   in   design   of 
ralves,  the  provision  of  an  arbitrary  capacity  unit  gives  him  the 
ri^t  to  claim  more  for  his  machine  than  it  can   do  in  com- 
parison   with   some    single-acting    machine    without    appreciable 
clearance.     Neither  75  per  cent,  or  any  other  figure  can  cover 
all  cases  correctly. 
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We  have  already  two  useful  units  of  refrigerati 
defined  by  Mr.  Bertsch  and  universally  used  in  Ain< 
other,  the  arbitrary  ice-making  unit,  the  ton  of  ice- 
city,  equal  to  two  tons  of  refrigerating  or  simple  coo 
The  ice-making  unit  is  based  on  practical  results 
made  is  weighed  after  melting  from  cans  or  cutting 
and  some  of  the  refrigeration  is  dissipated  in  lea 
tank  walls  and  other  losses  besides  direct  water  c 
proposed  ice-making  standard  could  only  be  approa 
plants. 

A  practical  and  absolute  standard  has  been  ad 
Ice  Machine  Builders'  Association  of  America.     It 
pared  with  the  definition  of  paragraph  6  of  the  r 
With  a  condensing  pressure  of  1(S5  pounds  gauge, 
ment  of  the  compressor  must  be  such  that  it  will  pa 
denser  .462  pounds  of  saturated  ammonia  vapor  ( 
15.67  pounds  gauge  pressure  ])er  ton  per  minute, 
the  force  of  the  point  made  against  pressure  rea 
favor    of    temperatures.      Pressure    gauges    must 
safety's  sake,  and  may  well  be  supplemented  by  tl 
but  since  pressur(?s  and  corresponding  temperatures 
ammonia  are  shown  sidc^  by  side  on  the  gauge  dials 
is  always  apparent.     Fractions  of  poimds  or  degre 
importance  in  ])raetical  design  and  operation. 

Mr,  Wm,  T.  Magruder, — Will  the  author  pleai 
why  he  prefers  to  use  (paragraph  14)  "  142  Br 
units  "  as  the  latent  heat  of  ice,  when  the  more  gene: 
figure  is  144  British  thermal  units. 

Professor  Jacobu.s, — This  subject  would  be  made 
if  the  paper  were  divided  in  two  parts;  first,  tha 
standard  unites  of  refrigeration ;  and  second,  that  r 
some  standard  way  of  rating  the  capacity  of  refri 
chines.  If  this  were  done  the  first  part  would  be  ver 
the  standards  now  in  ccmimon  use, — the  ice-melting 
the  iee-making  capacity, — would  probably  be  all  tha 
to  be  considered.  When  we  come  to  the  second  p 
and  attempt  to  specify  what  shall  be  the  standarc 
refrigerating  machine,  we  have  a  complicated  pro 
with.  Some  classes  of  machines  will  do  better  w( 
to  others  at  high  temjK'ratures  of  refrigeration  and  c 
some  are  handicapped  by  warm  condensing  water 
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*xtent  than  others,  and  it  will  be  very  hard  to  say  what  set  of 
•onditions  will  be  fair  for  all  machines  or  whether  any  set  of 
•onditions  can  be  selected  which  will  be  fair  for  all. 

Finally,  even  if  a  standard  set  of  conditions  are  selected  on 
rhich  to  base  the  rating  of  machines,  it  will  be  necessary  to  know 
be  actual  conditions  under  which  a  machine  is  to  be  operated 
efore  we  can  estimate  the  work  that  the  machine  should  be  able 
)  accomplish. 

Mr.  J.  C.  Bertsch* — The  discussions  have  furnished  some  val- 
able  statements,  and  I  am  much  pleased  that  this  subject  has 
let  with  such  great  interest. 

Mr.  (i.  T.  Voorhees  places  himself  \vith  many  of  his  criticisms 
I  the  attitude  of  a  corrector  by  using  hair-splitting  methods  which 
loiikl  liave  \yecn  omitted.  At  the  present  stage  of  the  question 
is  immat<»rial  whether  we  say  "Absorbed"  or  "  Taken  up;" 
set  free  ■'  or  ''  given  out;"  "  eflBciency  "  or  "  effective  capacity," 
le. 

While  I  endeavor  to  fit  the  Standard  Unit  as  much  as  possible 
I)  the  present  conditions,  Mr.  Voorhees  desires  to  change  most  of 
he  existing  conditions  to  make  them  fit  his  proposed  rules.  If 
n'  W(ml(l  study  manufacturing  m(*tho<l^  and  machine  shop  prac- 
ice,  ho  would  surely  n^alize  the  impossibility  to  change  the  exist- 
n?  pro]>orti<ms  of  the  machines  so  radically;  to  make  new  am- 
lumia  tables,  and  so  on. 

Mr.  Voorhees  ])roposed  first  to  consider  pressures  only  in  cal- 
fulatinfr  the  refrigerating  capacity.  My  article  on  that  subject 
in  Ire  and  Refrigeratwn,  of  October,  1003,  induced  him  to 
"  amend ''  his  rules,  and  he  adopted  from  my  proposition  the  tem- 
jHTHture  of  condensing  water  for  his  condensing  pressure.  Now, 
rf  temperatures  are  the  proper  thing  for  one  side,  why  shall  they 
Dot  be  propter  for  the  other  side  of  a  system  ? 

The  fact  that  differences  of  from  3  to  5  degrees  between  the 
rpfri|!;erant  and  the  substance  to  be  refrigerated  are  sufficient 
^en  modem  apparatus  are  used  does  not  justify  the  making 
"{ Mich  a  difference  the  standard.  At  least  90  per  cent,  of  the 
''ristinp  and  future  plants  are  and  will  be  of  the  "  old-time  brine 
|«nk  style/'  for  which  the  Standard  Unit  must  also  fit.  Besides, 
"  ''iich  small  differences  should  be  adopted,  then  a  compressor 
^placement  of  5  cubic  feet  ])er  ton  is  much  too  large,  or  an 
efficiency  of  75  per  cent,  is  much  too  high. 

*  Author's  Closure,  under  the  Rules. 
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A  boiling  point  of  zero  would  produce  temperatures  of  froi 
3  to  5  degrees,  which  are  far  below  the  practical  average.  Bo 
taking  15  degrees  as  the  actual  average  temperature  to  be  pre 
duced,  a  boiling  point  of  10  degrees  would  have  to  be  assumw 
and  the  displacement  of  the  eflSciency  would  be  as  follows: 

1.  D{»pl<i<iemenL 

284,000 ,.    . 

(549.35-80)  X  0.1383  x  1440  x  0.75  -  ^"^^^  ^^*^'^  ^^^ 

2.  Efficienmi, 

2^^^Q^^ -06133 

(549.35-80)  X  0.1383  x  1440  x  5  -  "•^^^'^• 

Such  a  displacement  of  efficiency  does  not  at  all  agree  wit 
actual  practice,  and  is  at  variance  with  all,  even  with  Mr.  Yoo 
hees's  own  proposition  of  a  Standard  Unit. 

Mr.  Thos.  Rhiplev  has  made  a  full  confession  in  favor  of  n 
proposition,  while  ho  int<»n(led  to  oppose  the  same.  His  princip 
remarks  were : 

The  efRcien(»v  of  a  compressor  is  88  per  cent,  instead  of  \ 
per  cent. 

The  back  ])r(\'^surt>  has  l>een  the  bone  of  contention 

(Jauges  are  not  reliable  ^or  measuring  back  pressures 

All  of  this  ilr.  Shipley  found  out  by  conducting  a  test  wi 
a  machine*  ])ut  up  for  that  special  purjiose,  and  where  "eve 
means  possibh*  was  taken  to  guard  against  errors."  This  tc 
was  ma<lo  by  throe  exports  and  for  a  period  of  six  days. 

1  bog  to  ask  now  ovorv  fair-minded  engineer  to  answer  the  f 
lowing  (|uostioii:  "  If  a  inaohino,  built  and  put  up  with  all  possil 
care,  tested  bv  tliroo  cMiiinont  experts,  with  all  the  assistance 
thoir  connnand  rogardloss  of  cost,  does  not  give  a  higher  efficiei 
than  83  per  cent.,  what  can  be  (^x^x^cted  of  a  machine  built  a 
])ut  up  in  (»omjK'titioii  with  ten  or  more  other  makes,  operal 
bv  an  ordinary  oniz:inoor,  and  oftentimes  bv  some  one  who  kno 
just  how  to  hold  an  oil  can,  run  for  twenty-four  hours  per  i 
(luring  a  period  of  about  six  months,  without  any  appliance 
properly  control  the  proper  charge  of  ammonia,  running  short 
condensing  water  and  working  against  many  other  unfavora 
conditions, — what  efficiency  can  bo  expected  of  such  a  mach 
representing  the  avorag^^  outfit?  " 

At  least  50  per  cent,  of  all  the  machines  in  commercial  ope 
tion  will  not  give  an  offi(»ioncy  of  75  per  cent.,  even  if  they  w 
all  of  the  single  acting  type.     But  when  it  comes  to  the  dou 
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machines,  with  the  entire  system  full  of  oil,  eflScieneies 
n  50  to  60  per  cent,  will  be  a  fair  averaffe. 
dual  tests  shall  be  made  for  finding  a  Standard  Unit,  then 
test  machines  in  commercial  operation  and  under  natural 
)rnial  conditions,  such  as  the  public  can  afford  to  main- 
But  testing  especially  built  machines  at  the  manufacturer's 
by  experts  and  under  the  most  favorable  conditions  can 
ed  anything  but  Standard. 

Shipley  is  in  favor  of  back  pressure,  but  he  admits  that 
are  not  reliable  for  measuring  same.  He  thinks  that  upon 
'k  pressure  depends  the  work  done. 

logical  order  of  question  and  answer  is  simply  this:  "  What 
lall  be  done?  "  '^  Producing  a  temperature  of  15  degrees." 
hen  we  must  carry  a  back  pressure  of  about  15  pounds, 
see  on  this  simple  example  that  the  work  to  be  done  is 
^t  consideration,  and  all  other  conditions,  even  the  back 
e,  must  be  arranged  accordingly.  The  public  knows  ex- 
»'hat  temperatures  are  needed,  but  nobody  cares  for  the 
es  carried.  Hardly  5  ]^er  cent,  of  all  the  ammonia  gauges 
Teet  for  any  length  of  time,  which  is  confirmed  by  Mr. 
's  own  statement,  but  the  cheaj^est  thermometer  does  not 
nore  than  one  degree.  To  re])air  a  gauge  takes  much  time 
ex])ensive,  because  it  must  be  sent  to  the  factory,  but  a 
»nieter  can  be  bought  in  every  little  town.  All  the  work 
'frigerating  machine  is  controlled  by  the  temperature,  and 
ner  or  manager  of  an  ice  plant,  cold  storage  house  or  brew- 
ill  certainly  nf\t  order  his  engineer  to  keep  certain  back 
res,  but  they  simply  ask  for  certain  temperatures.  These 
me  of  the  reasons  why  I  ])ropo«e  to  make  the  temperatures 
undation  for  a  Standard  Unit,  and  not  the  pressures  of  the 
tiia. 

the  public  know  what  a  machine  can  do  and  how  the  work 
e  controlled,  instead  of  covering  defects  with  rules  and 
which  can  not  be  understood  by  many. 

'  remarks  of  Mr.  S.  H.  Bunnell  are  answered  bv  the  fore- 
with  the  exception  of  the  item  with  reference  to  gauges 
1^  the  corresponding  temperatures  marked  on  the  dial.  We 
ow,  and  Mr.  Shipley  is  the  authority  for  the  fact,  that  am- 
i  gauges  are  not  reliable,  as  most  of  them  are  from  1  to  15 
«  out  But  if  the  readings  of  the  pressures  are  incorrect 
inreliable,  then    the    corresponding    temperatures    are    also 
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\vrong,  and  without  using  a  thermometer  to  ascertain  the  true 
state  of  affairs,  nobody  knows  the  conditions  under  which  the  work 
is  done. 

The  question  of  Professor  Wm.  T.  Magruder  I  will  answer 
thus :  "  Since  the  quantity  of  284,000  British  thermal  units  is 
generally  adopted  as  the  cooling  effect  of  one  ton,  or  2,000  pounds, 
of  ice,  the  latent  heat  of  ice  is  accepted  as  being  142  British  ther- 
mal units." 


'f»- 
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No.  1026.* 

SPECinCATIONS  FOR  BOILER  PLATE,  RIVET  STEEL, 
STEEL   CASTINGS  AND  STEEL  FORGINGS. 

Professor  Spangler. — You  may  remember  the  conditions  under 
which  this  Committee  was  appointed,  but  to  make  it  entirely 
clear  I  would  like  to  go  into  the  history  of  it  just  a  little.  There 
is  a  society  known  as  the  American  Society  for  Testing  Mate- 
rials, which  w^as  the  outgrowth  of  the  International  organization 
of  which  we  have  heard  a  great  deal  at  meetings  of  this  Society. 
Committee  No.  1  of  that  Society  prepared  a  series  of  specifica- 
tions, and  Af  r.  Webster,  at  the  request  of  Mr.  Button,  presented 
these  specifications  at  a  meeting  of  this  Society,  and  asked  that 
a  eoiuniittee  be  appointed  on  this  particular  subject.  A  com- 
mittee of  five  was  appointed,  consisting  of  Mr.  Cramp,  Mr. 
Kent,  IMr.  Morison,  Mr.  Waitt  and  myself.  In  the  usual  way 
copies  of  these  specifications  were  sent  to  various  members  of 
tlie  Society,  with  the  usual  result — that  is,  in  a  few  cases,  after 
writing  two  or  three  letters,  replies  were  received.  The  Com- 
mittee decided  to  submit,  at  this  time,  a  report  to  the  Society, 
subject  to  revision,  asking  that  the  report  be  sent  to  all  members 
of  the  Society,  that  something  like  a  full  written  discussion  from 
members  who  are  interested  in  the  subject  might  be  had,  and 
that  a  revised  report  be  formulated  at  some  future  time. 

It  s<ieins  to  me  to  be  the  proi)er  procedure  that,  after  this 
Soc!iety  has  finished  whatever  work  it  may  decide  to  do,  the 
report,  together  with  the  report  of  all  the  conmiittees  of  other 
societies  that  may  be  working  on  the  subject,  should  go  back  to 
Committee  Xo.  1 — that  is,  any  report  that  we  might  make 
sbouUl  l>e  rather  an  advisory  report  than  an  attem])t  at  a  finality. 
This  Committee  No.  1  is  the  Committee  which  will  finally, 
I  l>elieve,  formulate  specifications  under  which  work  of  this  sort 
is  t<>  l>e  done. 

AVitli  this  as  an  introduction,  your  Committee  would  respect- 
fully report  as  follows: 


•  PresenUni  at  the  New  York  meeting  (December,  1908)  of  the  American  Society 
of  Mechanical  Engineers,  and  forming  part  of  Volume  XXV.  of  the  Transaetions. 
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SPECIFICATIONS  FOR  BOILER  PLATE.   RIVET  STEEL,   STEEL 

CASTINGS  AND  STEEL  FORGINGS. 

This  report  is  sent  out  subject  io  revision,  and  the  Cominittee  asks  that 
written  discussion  be  sent  tx)  its  chairman  that  the  results  may  be  incorporated 
in  the  final  report  to  be  presented  at  the  New  York  meeting  of  the  Society. 

The  Committee  to  which  was  referred  the  question  of  specifications  for  boiler 
plate,  rivet  steel,  steel  castings  and  steel  forgings,  reports  that  it  has  used  the 
specifications  prepared  by  the  American  Branch  of  Committee  No.  1  cf  the 
International  Association  for  Testing  Materials,  of  which  Mr.  Wm.  R.  Webster 
is  Chairman,  as  the  basis  of  its  work,  and  the  changes  hereafter  noted  are  recom- 
mended in  these  specifications. 

1.  That  the  maximum  sulphur  in  flange  or  boiler  steel  be  reduced  from 
.05  to  .04. 

2.  That  the  tensile  strength  be  specified  as  stated  in  the  table  with  an  allow- 
able variation  of  5,000  pounds.  That  fire  box  steel  be  specified  at  55.000  pounds 
instead  of  57,000  pounds  per  square  inch.  That  the  determination  of  the  yield 
point  for  ordinary  grades  be  omitted. 

3.  The  tensile  strength  of  castings  has  been  modified,  the  specified 
value  desired  being  stated,  and  the  variation,  5,000  pounds,  being  allowed. 
The  values,  as  recommended  by  Committee  No.  1 .  and  by  this  Committee,  are 

as  follows: — 

Com.  No.  rs.  Ile(»minended  by 

Minimum.  Committee. 

Soft 60.000  60,000  ±  5,000 

Medium 70,000  70,000  ±  5.000 

Hard   85.000  80.000  ±  5,000 

4.  The  elongation  in  8-in.  is  stated  instead  of  in  2-in.  and  an  increase  in  elonga- 
tion of  25%  is  called  for  on  the  2-in.  specimen. 

For  a  2-in.  sp>ecimen  from  castings  the  corresponding  elongations  are: 

Recommended  by 
Com.  No.  1.  this  Committee 

Soft 22%  .20% 

Medium 18%  17.5% 

Hard 15%  15% 

5.  That  the  8-in.  specimen  be  made  the  standard  specimen  and  the  2-in.  to 
be  used  only  when  it  is  inconvenient  to  use  the  8-in. 

6.  That  nickel  steel  forgings  and  oil  tempered  forgings  be  not  included  in 
this  specification,  because  the  present  state  of  the  art  does  not  warrant  general 
specifications  htMng  drawn  for  tliese  materials. 

7.  Tliat  for  soft  or  low  carbon  steel  forgings  the  chemical  requirements  be 
not  over  .0()  phosphorous,  and  .05  sulphur,  instead  of  .10  phosphorous  and 
.10  carbon. 

S.  Tliat  for  "car})on  steel  not  annealed"  the  term  "medium  steel"  be  used, 
and  that  tlie  sulpliur  be  reduced  from  .06  to  .05  per  cent. 

9.  Tliat.  wherever  it  is  desirable  tliat  the  elastic  limit  be  determined,  an 
extensomcter  be  used,  and  that  the  elastic  limit  be  taken  as  "that  point  at 
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^which  the  elongation  in  8-in.  per  1,000  pounds  of  added  stress  per  square  inch 
first  exceeds  four  ten>thousandths  of  an  inch."  * 

lO.  The  remainder  of  the  specifications  of  Committee  No.  1  are  recommended 
for  adoption,  and  are  here  re-arranged. 


Staxdard  Specifications  for  Steel  Boiler  Plate,  Rivets,  Castings  and 

Forcings. 

Process  of  Manufacture. 

Boiler  Plate  and  Rivet  Steel  shall  be  made  by  the  op>en  hearth  process. 
Castings  and  Forgings  may  be  made  by  the  open  hearth,  crucible,  or  Besse- 
nier  process. 

Castings  may  be  annealed  or  unannealed  as  specified. 

TensUe  Tests. 

Te^  piece — The  standard  test  specimen  shall  be  eight  inches  (8")  gauged 
length.     The  standard  shape  b  shown  in  Fig.  92. 
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Fig.  93. 

Width  of  specimen  along  the  parallel  section  shall  be  IJ  inches,  whenever 
possible. 

Thickness  of  specimen  shall  be  one-half  inch  or  over,  whenever  possible. 

Plates — Two  opposite  sides  shall  be  the  rolled  surfaces  if  not  over  J-inch  thick. 

RiveU — Rivet  rounds  and  small  rolled  bars  shall  be  '^ested  full  size  as  rolled. 

Castings  and  Forgings — Specimen  may  be  planed  parallel  sided  or  turned 
parallel  for  not  less  than  9  inches  in  length,  the  smallest  dimension  being  J-inch, 
if  pofisihle. 

When  it  is  inconvenient  to  use  the  standard  test  specimen  the  specimen 
may  be  made  as  shown  in  Fig.  93.  In  every  such  specimen  the  elongation 
in  two  inches  will  be  25%  greater  than  that  specified  for  the  standard  specimen. 

Number  of  Test  Specimens. 

If  a  tensile  specimen  develops  flaws  or  breaks  outside  the  middle  third  of 
iu  ^uged  lenRth,  another  may  be  substituted. 

•The  "apparent  elastic  limit,"  suggested  by  Prof.  J.  B.  Johnson  in  his  *'Ma- 
Wiafe  of  Construction,"  and  restated  by  William  Kent  in  Transactions  ofAmer- 
ienn  Institute  of  Mining  Engineers,  1903. 
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Plnles— One  from  each  plate  as  it  is  rolled. 
Rhtt  Rounds. — Two  from  each  melt. 

CfiHtings  and   Forginyg— Depending  upon  the  chanwter  and  important*  rf 
the  piece. 

Location  of  Test  Speetment. 

Castings — .-^  test  piece  simll  be  cut  cold  from  a  coupon  to  be  molded  ind 
cast  on  some  portioii-of  orie  or  more  costing  from  each  melt  or  blow,  cr  FkH" 
tlic  Mnk-headR  (in  case  heads  of  sufficient  size  are  used.)  The  coupon  or  sink-' 
head  must  receive  the  same  treatment  as  the  casting  or  castingH,  before  tb* 
xpeciinen  is  cut  out,  und  before  tlie  coupon  or  sink-head  is  removed  from  l''^ 
casting. 

Forgingn — The  test  specimen  shall  be  cut  cold  from  the  forging  or  fulVoiff^ 
prolongation  of  (he  same  parallel  to  the  axis  of  the  forging  and  half  irar  be 
tween  the  center  and  outside,  the  specimens  to  be  longitudinal,  i.e.,  the  kngtl^ 
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(if  the  spct^inien  to  correspond  with  the  direction  in  which  the  metal  is  mo«C 
drnwn  out  or  worked.  Wlien  forgings  have  large  ends  or  collars,  the  test 
Rpecimcns  kIiuII  be  taken  from  a  prolongation  of  the  same  diameter  or  secticn 
,'tx  tli.1t  of  the  furgiiig  buck  of  the  large  end  or  collar.  In  the  case  of  hollow 
shafting,  either  fonwii  or  bored,  the  speeinieii  shall  be  token  within  the  finished 
neclioii  prolimged,  h.ilt  way  between  ihn  inner  aiid  outer  surface  of  Ute  wall  ot 
the  forging. 

Btnding  TrtU. 

Itendiiig  tests  iiiiiv  \n-  made  eitlicr  by  pressure  or  by  blows. 

Cold  bending  tests  arc  to  be  made  on  the  material  in  the  condition  in  wbirh 
it  is  to  be  unetl.  For  a  (lueiiched  bending  test  the  specimen  shall  be  he«terl 
to  a  iiirlil  rlierry-rrcl  ;is  seen  i[)  the  dark,  iiiii]  (|uenched  in  wat«r,  the  tempert- 
lure  of  which  is  hetweeii  80°  and  91)^  Fahrenheit. 


Phlm-One  and  one-half  inehes  wide  and  if  }-iiieh  or  less  in  thicknem  with 
opposite  faces  rolled.  If  over  I-iiicli  thiek.  specinien  may  be  reduced  to  ^inch. 
Edges  are  to  be  milled  or  planed. 
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Kivd  Rounds — Tested  full  size  as  rolled. 

Castings  and  Forgings — Specimen  one  inch  by  one-half  inch. 

Number  of  Test  Specimens. 

Plates — One  cold  bending  and  one  quenched  bending  specimen  from  each 
plate  as  it  is  rolled. 
Rivet  Rounds — Two  cold  bending  and  two  quenched  bending  8p>ecimens  for 

each  melt. 

Location  of  Specimen. 
Castings  and  Forgings — As  specified  for  tension  specimen. 

Chemical  Analysis. 

Tuminp:s  from  tensile  specimen,  drillings  from  tensile  or  bending  specimen 
or  drillings  from  small  test  ingot  may  be  used  for  chemical  analysis. 

For  locomotive  fire  box  steel  check  analysis  may  be  required  from  the  tensile 
specimen  of  each  plate  as  rolled. 

Drop   Test. 

A  test  to  destruction  may  be  substituted  for  the  tensile  test,  in  the  case  of 
"mall  or  unimportant  castings,  by  selecting  three  castings  from  a  lot.  This 
test  shall  show  the  material  to  be  ductile  and  free  from  injurious  defects,  and 
suilable  for  the  purposes  intended.  A  lot  shall  consist  of  all  castings  from 
the  same  melt  or  blow,  annealed  in  the  same  furnace  charge. 

Percussion  Test. 

l^arpe  castings  are  to  be  suspended  and  hammered  all  over.  No  cracks, 
flaws,  defects,  nor  weakness  shall  appear  after  such  treatment. 

Homogeneity  Test  for  Fire  Box  Steel. 

A  sample  taken  from  a  broken  tensile  test  specimen,  shall  not  show  any 
«n)tleseam  or  cavity  more  than  one-fourth  inch  (J")  long  in  either  of  the  three 
fractures  obtained  as  described  below. 

A  portion  of  the  broken  tensile  specimen  is  either  nicked  with  a  chisel  or 
grooved  on  a  machine,  transversely  about  a  sixteenth  of  an  inch  d^f")  deep, 
in  three  places  about  two  inches  (2")  apart.  The  first  groove  should  be  made 
on  one  side,  two  inches  (2'')  from  the  square  end  of  the  specimen;  the  second, 
two  inches  (2")  from  it  on  the  opposite  side;  and  the  third,  two  inches  (2") 
from  the  last,  and  on  the  opposite  side  from  it.  The  test  specimen  is  then 
put  in  a  vice,  with  the  first  groove  about  a  quarter  of  an  inch  (J' )  above  the 
jaws,  care  being  taken  to  hold  it  firmly.  The  projecting  end  of  the  test  speci- 
men is  then  broken  off  by  means  of  a  hammer,  a  number  of  light  blows  being 
iwed,  and  the  bending  being  away  from  the  groove.  The  specimen  is  broken 
by  the  other  two  grooves  in  the  same  way.  The  object  of  this  treatment  is 
to  open  and  render  visible  to  the  eye  any  seams  due  to  failure  to  weld  up,  or 
to  foreign  interposed  matter,  or  cavities  due  to  gas  bubbles  in  the  ingot.    After 
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rupture,  one  side  of  each  fracture  is  examined,  a  pocket  lense  being  used  if  ne^ 
essar\',  and  the  length  of  the  seams  and  cavities  is  determined. 

Branding. 

Every  finished  piece  of  steel  plate  sliall  be  stamped  with  the  melt  number, 
and  each  plate,  castinpj  or  forging  and  the  coupon  or  test  specimen  cut  from 
it,  shall  be  stamped  with  a  separate  identifying  mark  or  number.  Rivet  sted 
may  be  shipped  in  bundles  securely  wired  together  with  the  melt  number  on 
a  metal  tag  attached. 

Variation  in  Weight. 

The  variation  in  cross  section  or  weight  of  more  than  2J  per  cent,  from  that 
specified  will  be  sufficient  cause  for  rejection,  except  in  the  case  of  sheared 
plates,  which  will  be  covered  by  the  following  permissible  variations: 

Plates  12i  pounds  per  square  foot  or  heavier,  up  to  100  inches  wide,  when 
ordered  to  weight,  shall  not  avenige  more  than  2J  per  cent,  variation  above 
or  2i  per  cent,  below  the  theoretical  weight.  Wlien  100  inches  wide  and  over 
5  per  cent,  above  or  5  per  cent,  below  the  theoretical  weight. 

Plates  under  12i  pounds  per  square  foot,  when  ordered  to  weight,  shall  not 
average  a  greater  variation  than  the  following: 

Up  to  75  inchcjs  wide,  2 J  per  cent,  above  or  2i  per  cent,  below  the  theoretical 
w^eight.  75  inches  wide  up  to  100  inche^s  wide,  5  per  cent,  above  or  3  per  cent, 
below  the  theoretical  weight.  When  100  inches  wide  and  pver  10  ptfr  cent, 
above  or  3  per  cent,  below  the  theoretical  weight. 

For  all  plates  ordered  to  gauge,  there  will  be  permitted  an  average  excess 
of  weight  over  that  coiTesponding  to  the  dimensions  on  the  order  equal  in 
amount  to  that  specified  in  the  following  table: 


Table  of  Allowances  for  Overweight  for  Rectangular  Plates  WheM 

Ordered  to  Gauge. 

Plates  will  bo  considered   up  to  gauge  if  measuring  not  over  yi^-inch  less 
than  the  ordered  gauge. 
The  weight  of  1  cubic  inch  of  rolled  steel  is  assumed  to  be  0.2833  pound. 

Plates  i-inch  and  over  in  thickness. 


Width  of  Plate. 

Thickness  of  plate. 
Inch. 

Up  to  75  inches. 
Per  cent. 

75  to  100  inches. 
Per  cent. 

0v( 

er  100  Inchea. 
Percent. 

i 

10 

14 

18 

ft 

S 

12 

16 

i 

7 

10 

13 

•l'.! 

T) 

8 

10 

2 

5 

7 

9 

•1 

^ 

6J 

8i 

5 

4 

6 

8 

Over  I 

3i 

5 

ej 
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Plates  under  J   inch  i 


TUckncM  or  pliM. 


i  up  t 
ft      " 


10 


Finisk- 
11  material  must  have  workmanlike  finish. 

ala  must  be  free  from  injurious  surface  defects  and  laminations. 
kstinfismu-it  be  true  to  pattern,  free  from  blemish,  fla*s  or  shrinkage  cracks, 
■ing  surfaces  shall  be  solid  and  no  porosity  shall  be  allowed  in  positions 
t  the  resistance  and  value  of  the  castings  for  the  purpose  intended  will 
uijusiy  affected  thereby. 

>ipn^  must  be  free  from  cracks,  flaws,  seams  or  other  injurious  imper- 
ms,  and  must  conform  to  dimensions. 


Inspeclton, 
IF  inspector  representing  the  purcha^r  shall  have  all  reasonable  (aciliticB 
M  to  liini  by  the  manufacturer  to  satisfy  him  tliat  the  finished  material 
fnlilied  in  accordance  with  these  specifications.     All  tests  and  inspections 
be  niade  at  the  place  of  manufacture,  prior  to  shipment. 
Respectfully  submitted, 

H.  W.  Spanoler,  Chairman. 
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I 

i 

The  Committee  submits  this  as  a  tentative  report,  and  asks 
for  it  the  careful  consideration  of  the  members  of  the  Society 
who  are  interested  in  the  subject. 

Mr,  Iletinhig, — From  what  Professor  Spangler  has  said  I  am 
simply  amazed.     There  are  statements  made  in  the  report  which 
cannot  be  su]iported.     The  determination  of  a  very  important 
pr(>])erty  indicated  by  the  "  yield  point "  has  been  dropped  be- 
cause it  has  becf)me  the  custom  in  our  mills  to  run  machines  at 
such  speed  as  to  make  it  imi)ossible  to  determine  it.    Now, lam 
going  to  stand  and  fight  for  this,  the  determination  of  this  point, 
until  I  am  dead.     It  is  time  to  i>ut  a  stop  to  such  prepoBt^xms 
audacity.      1  tell  you,  gentlemen,  as  engineers,  that  we  should 
rather  determine  the  i)ermanence  and  the  actual  strength  of  all 
machines  and  structures,  not  by  the  ultimate  resistance,  the 
breaking  i)oint,  but  solely  by  the  location  of  the  yield  point, 
that  j)oint  at  which  the  material  begins  to  change  its  shape  per- 
manently.    A  lathe,  a  machine,  a  bridge  or  boiler,  once  it  begina 
to  change  its  sha])e  pennanently,  is  ruined.     It  has  become  the 
custom  in  this  country  to  run  testing  machines  at  such  sped 
that  no  one  can  tell  whether  the  beam  is  floating  at  zero  and  iit 
dicating  the  load  that  is  transmitted  to  the  test  piece,  and  I  ar 
reiuiy  to  prove  that  in  court  or  anywhere  else.     Under  such  con 
ditions  it  is  absolutely  impossible  to  determine  the  yield  |X)into< 
any  other  facts.     The  elastic  limit  is  something  we  need  not  tall 
alK)ut,  because  it  is  difficult  to  determine,  except  by  the  mos! 
sensitive  aj^paratus.     The  method  here  described  is  absolutelyin 
accurate.      I  will  toll  vou  wliv.     When  you  detennine  the  one 
thousandth  of  an  inch  of  elongation  it  can  only  be  done  by  ap 
plying  a  load  to  the  test  pit^ce  and  taking  a  reading  by  very  deli* 
catc  api)aratus ;  it  must  read  to  the  ten-thousandth  of  an  inch  in 
order  to  get  accurately  the  thousiindths  of  inches.    When  you  take 
a  reading  and  stoj)  the  hxid  and  then  reload  that  material,  it  begins 
to  sti'etcli  slightly,  but  the  yield  point  will  thereby  be  raised. 

I  wish  to  ])rovent  such  a  reiK)rt  going  into  print.  What  I  am 
stating  arc^  well  known  facts. 

Therefore,  I  do  not  want  such  s])ocifications  proposed  when 
there  are  methods  for  determining  the  yield  point  accurately — 
by  sim])ly  running  the  testing  machine  at  a  proper  speed.  I  re- 
jKJiit,  that  by  running  a  machine  as  rapidly  as  stated,  no  one  can 
know  whether  the  beam  is  kt^pt  floating  by  the  loads  applied  or 
])y  inei'tia,  and  I  object  most  strongly  to  such  statements  appear 
ing  at  this  late  date  in  a  report  of  this  Society. 
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DISCUSSION. 

Mr.  Oils,  C.  Henning, — Proposed  specifications  treating  of  the 
subject  named  in  the  report  of  this  Special  Committee,  and  prac- 
tically identical  with  it  were  proposed  for  discussion  at  the  Boston 
meeting  of  this  Society,  and  there  and  then  received  a  rather 
thorough  discussion  which  was  not  controverted. 

At  the  Saratoga  meeting  the  chairman  of  this  Special  Com- 
mittee made  a  verbal  report  which  again  called  forth  criticism 
which  has  not  been  proven  to  be  incorrect  by  the  Committee  in 
its  present  report. 

On  the  other  hand  the  chairman  makes  complaint  that  he  re- 
ceived but  slight  assistance  and  scant  courtesy  from  the  supposedly 
interested  membership,  by  reporting  as  follows :  "  In  the  usual 
way  copies  of  these  specifications  were  sent  to  various  members 
of  the  Society,  with  the  usual  result — that  is,  in  a  few  cases,  after 
writing  two  or  three  letters,  replies  were  received."  It  may  be 
necessary  to  point  out  at  this  time  and  place  that  the  Committee 
was  appointed  to  develop  neither  new  specifications  nor  new 
methods  of  testing,  but  merely  to  evolve  from  existing  knowledge 
and  specifications  a  new  set  based  on  those  in  use,  from  which 
would  be  eliminated  their  incompatible  differences  or  incon- 
pniities,  or  clauses  which  had  become  unsuitable  or  useless,  and 
on  the  other  hand  to  bring  all  the  requirements  up  to  date. 

In  order  to  do  this  a  committee  should  be  composed  of  engin- 
eers who  are  intimately  familiar  with  the  subject  submitted  to 
them;  they  should  have  all  specifications  before  them;  be  famil- 
iar with  the  design  and  construction  of  the  products  covered  by 
these  8|)ecifieation8,  and  should  also  be  in  close  contact  with  the 
J^teel  works  and  shops  in  which  the  steel  is  made,  the  work  done 
and  the  material  tested. 

Only  such  engineers  can  properly  prepare  specifications^  which 
will  be  generally  acceptaible. 

In  spite  of  this  complaint  about  lack  of  co-operation,  the  com- 
mittee failed  to  avail  themselves  of  previous  criticism  of  the 
specifications  which  they  used  as  a  basis  for  their  work.*  The 
first  criticism  that  I  must  make  is  about  the  laxity  and  indefinite- 
ness  of  the  language,  and  the  errors  and  misunderstandings 
which  this  necessarily  introduces,  because  if  there  is  anything  an 

•  See  pages  642-657,  Vol.  XXIIft.  Transactions,  A.  S.  M.  E. 
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acceptable  specification  should  do,   it  is  to   specifically  ipecify 
detail,  to  avoid  accidental  or  deliberate  misinterpretatioiL 

On  the  second  page  of  the  report  which  refers  to  castings,  it » 
stated  that  2-inch  test-pieces  should  only  be  used  "when  it  is  incon- 
venient to  use  the  8-inch."  Now  it  is  a  well-kno^vn  fact  that  it  fa 
never  inconvenient  to  cast  one  or  more  8-inch  test-pieces  trith 
the  casting  when  only  one  or  several  of  them  are  made^  It  can 
onlv  be  inconvenient  to  the  manufacturer  when  it  does  not  suit 
him  to  do  so  and  in  no  other  case. 

These  specifications  are  to  be  followed  not  after  the  work  has 
been  done,  but  are  furnished  with  the  call  for  bids  and  are  sup- 
j)Osed  to  be  followed  from  beginning  to  the  end  of  the  wort 
Hence  there  cannot  j)ossibly  be  any  excuse  for  failure  to  provide 
S-incli  test-i)ieces  gated  from  the  castings  at  the  time  the  latter 
are  poured. 

On  the  third  page  of  the  report  which  refers  to  boiler  plate  test- 
])ieees,  it  is  prescrilnMl  that  the  "  width  of  specimen  along  the 
parallel  section  shall  be  1^  inch  whenever  possible."  This  is 
simply  an  absurd  concjession!  Every  boiler  plat«  is  many  inches 
wide,  nev(T  under  24  inches,  and  as  the  specimens  are  cut  out  of 
the  crop  ends  sheared  oflF  the  full  width  of  plates  there  never  can 
b(*  any  difficulty  of  obtaining  specimens  of  the  prescribed  width. 
It  is  ahoays  possible  to  obtain  specimens  1 J  inches  wide  in  A^ 
parallel  party  except  when  the  rolling  mill  does  not  want  to  do  so; 
nowadays  tests  are  invariably  made  at  the  rolling  mill.  Again  it  m 
specified  that :  "  When  it  is  inconvenient  to  use  the  standard  test 
s])0(timen,  it  may  be  made  as  shown  in  Fig.  93,"  which  mean* 
til  at  a  sj)ecimen  of  ^-inch  diameter  and  2-inch  gauge  length  may 
be  used.  How  obliging  the  committee  intends  to  be  to  the  larg 
est  mills  who  roll  the  largest  ])lates  ^-inch  thick  and  over!  ^f 
such  test-])ieces  as  shown  could  be  cut  from  thinner  plates- 
just  examine  the  dimension.-!  On  the  fifth  page  of  the  report i 
''  dro])  test "  is  suggested  for  "  small  and  unimportant  castings. 
Xow  what  is  the  use  of  testing  this  class  of  castings  at  all?  More 
over  there  is  not  one  drop-test  a])paratus  in  existence  at  any  stec 
foundry  in  this  country  ])rop(»r  for  this  kind  of  test.  At  only  a  fr^ 
can  vc^ry  large*  drops  be  found,  ani]>l(»  to  break  up  very  large  cas 
ings  before  recharging  them  in  th(*  furnace.  A  hand  hammer  c 
sledge  w^ould  seem  to  me  to  be  more  appropriate  for  the  purpose 
But  what  is  the  us(»  of  testing  '^  unimportant  caMings^^  at  all 
Do  standard  s]>ecifications  ever  refer  to  unimportant  material 
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he  other  hand,  the  "  percussion  test ''  is  prescribed  for  "  large 

ngs  " ;  these  '^  are  to  be  suspended  and  hammered  all  over." 

artens  *  defines  what  a  ^*  percussion  test "  is  supposed  to  be 

hose  familiar  with  it — it  is  a  very  different  test  from  that 

red  to  in  the  specifications  which  is  everywhere — the  world 

-known  as  the  "  hammer  test." 

le  hammer  test  again  is  only  useful  in  case  of  small  castings, 

does  not  have  any  effect  on  large  ones.     How  then  can  it 

'  any  service  whatever  for  the  purpose  proposed  ? 

^ain,  how  can  crushing  castings  in  the  large   drops  prove 

to  be  "  suitable  for  the  purposes  intended.''  Such  lan- 
e  in  sj)ecifications  is  rather  ingenuous ! 

I  the  fifth  page,  under  '^  Homogeneity  Test,"  it  is  stated  that 
ample  from  a  broken  tensile  test  specimen  shall  not  show 
single  seam  or  cavity  more  than  ^  inch  long  in  either  of 
three  fractures  obtained  as  described  below."  Now  it  is 
known  that  every  firebox  sheet  is  sheared  on  all  sides,  hence 
ere  are  any  defects  in  any  sheet  a  competent  examination  of 
Jges  will  always  reveal  them  and  should  cause  its  rejection. 
I  if  the  plates  containing  pitting  or  gas  holes  in  the  plates 
ed  only  under  a  magnifying  glass  this  would  be  ample  cause 
ejections!    What  is  the  use  of  looking  for  defects  ^  inch  long 

a  magnifying  glass,  I  should  like  to  know.     They  can  be 

bv  the  naked  eye  at  a  distance  of  five  feet!     Let  us  exam- 
the  method  proposed  for  finding  such  :J-inch  defects  and  at 
^aIne  time  note  carefully  the  language  used  which  prescribes 
ise  of  a  "  pocket  lens  "  for  finding  ^-incli  defects! 
A  j)ortion  of  the  broken  tensile  specimen  is  either  nicked 

a  chisel  or  grooved  on  a  machine,  transversely  about  a  six- 
th of  an  inch  (A")  deep,  in  tliree  places  about  two  inches 

apart.  The  first  groove  should  he  made  on  one  side^  two 
■^  (2")  from  the  square  end  of  the  specimen ;  the  second, 
inches  (2")  from  it  on  the  opposite  side  ;  and  the  tliird,  two 
es  (2")  from  tlie  last,  and  on  the  o])posite  side  from  it.  The 
spcimen  is  then  put  in  a  vise,  with  the  first  groove  about 
arter  of  an  incli  (|")  above  the  jaws,  care  being  taken  to  hold 
rmly.  The  projecting  end  of  the  test  specimen  is  then 
en  off  by  means  of  a  hammer,  a  number  of  light  blows  being 
,  and  the  bending  being  away  from  the  groove.  The  speci- 
is  broken  by  the  other  two  grooves  in  the  same  way.     The 

♦  •*  Martens's  Handbook  of  Testing  Materials/'  pp.  291-29a 
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obje<;t  of  this  treatment  is  to  oix^n  and  render  visible  to  the  eye 
any  seams  due  to  failure  to  weld  up,  or  to  foreign  interpoeed 
matter,  or  caviti(»s  due  to  gas  bubbles  in  the  ingot.  After  rap- 
ture, one  side  of  each  fracture  is  examined,  a  pocket  lens  being 
used  if  necessary,  and  the  length  of  the  seams  and  cavities  i» 
determined." 

It  will  be  noted  that  the  material  is  to  be  either  "  nicked  vitb 
a  chisel  or  grooved  on  a  machine,  transversely  about  -^  of  an 
inch  deep,"  and  the  (effect  of  this  nicking  on  the  steel  is  not  taken 
into  account  and  is  supposed  to  be  inappreciable  in  either  case, 
even  when  plates  vary  in  thickness  from  ^  inch  to  over  1  inch  thick- 
ness.* Everyone  knows  that  very  different  results  are  produced. 
But  let  us  look  further.  It  is  specified  that  the  grooves  are  to  be 
made  in  three  j)laces,  two  inches  apart;  "  the  first  groove  on  one 
side  two  inches  from  the  square  end  of  the  specimen ;  the  seconJ 
two  inches  from  it,  on  the  opi)(>site  side ;  and  the  third  two  inches 
from  the  last  and  on  the  o])posite  side  from  it" 

It  is  at  once  evicknit  that  two  nicks  aWU  come,  when  foUowinj 
the  instructions,  two  inches  from  the  square  end  of  test  piece  am 
opposite  each  other,  and  the  third  f(mr  inches  from  the  enJ 
while  it  mav  be  clear  that  this  was*  not  at  all  intended  to  be  th 
case. 

But  let  us  proc(»ed  and  examine  the  method  further  whicl 
j)rescribes  that  the  six^cimen  shall  be  "  broken  off  by  means  of : 
hammer,  a  number  of  light  blows  being  used,  after  it  has  beei 
])ut  in  a  vise,  with  the  first  groove  about  a  quarter-inch  above  th 
jaws,  with  the  additional  wise  caution,  '^  care  must  be  taken  t 
hold  it  firmlv." 

Let  us  remember  that  the  ends  of  these  test  pieces  are  from 
to  one  inch  thick  and  two  inches  wide,  and  only  three  inches  Ion 
according  to  Fig.  92,  or  .^-inch  diameter  and  one  inch  long  « 
cording  to  Kig.  0*5,  wh(»n  the  former  shai>e  "is  inconvenient.'* 

Xow  I  will  chalhuige  anyone  to  break  off  a  piece  of  fire-bc 
plate  one  inch  thick  by  two  inches  wide,  scored  iV  inch  deep,  J 
pres(*ribed,  when  clamped  firmly  in  a  vise,  by  means  of  ligi 
blows  of  a  hammer.  Tliis  is  a  ridiculous  and  absiird  directi( 
which  must  Iw  patent  to  all.  This  done,  it  is  prescribed  th 
'"  the  spe^cimen  is  hrokeji  hy  the  other  two  grooves  in  the  sail 
way."     Has  such  English  ever  before  been  used  in  Standa 


*  These  specifications  cover  |-incli  plates,  as  they  are  referred  to  on  serei 
page  of  ilie  rt-imrt. 
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ations?  The  next  important  point  which  I  am  bound  to 
riticise  is  the  proposed  omission  of  the  determination  of 
point,"  and  definition  and  method  of  determination  of 
limit." 
proposed  *  "  that  the  detennination  of  the  yield  point  for 
r  grades  be  omitted." 

use  of  the  words  "  ordinary  grades  "  has  undoubtedly 
sorted  to  to  ward  off  criticism. 

IS  look  at  the  meaning  of  the  word  "  ordinary, ^^  The 
)y  applies  this  word  to  a  useless  dog  or  to  another  boy  for 
e  has  no  respect  because  possessing  bad  habits  and  qual- 
ie  has  no  use  for  such  material.  Just  the  same  with 
►late.  What's  the  use  of  determining  its  yfeld-point, 
■s  just  ordinary,  no  good,  worthless!  That's  about  the 
the  Committee. 

he  dictionary  defines  "  ordinary  "  as  follows :  "  of  com- 
'  ordinary  occurrence,  customarv^,  usual."  Hence,  as 
ecifications  are  supposed  to  apply  to  all  usual,  customary 
lion  st<^ol  of  ordinary  occurrence,  this  word  does  actually 
)  all  good  boiler  steel  except  that  of  extraordinary  quali- 
[ence  the  connnitteo  projxvses  to  drop  the  determination 
vield  point  in  all  cases  of  testing  standard  qualities  of 
(late,  instead  of  only  of  the  inferior  grades  which  are 
y   of   consideration,   as   the   Committee   would   have   us 

let  us  see  what  yield  point  is  and  how  it  is  determined 
nd  accurately  by  simplest  means.  Our  honorary  mem- 
)fefisor  I  nwin,  is  one  gentleman  who  tells  us  what  the 
>int    is   and  how  important  it  is  to  determine  it.f     Un- 


\i\  pa«jre  <»^  the  report,  paragraph  2. 

The  Yield  Point. — In  iron  and  steel,  and  in  some  other  roUed  or  ham- 
terials,  at  a  stress  exceeding  more  or  loss  tlie  elastic  limit,  there  occurs 
id  almost  sudden  increase  of  deformation  in  the  ordinary  method  of 
id  the  deformation  is  p<?rmanent,  or  plastic  defonnation.  For  greater 
le  plastic  deformation  increases,  and  it  amounts,  before  fracture  is 
o  many  hundred  times  the  whole  elastic  deformation.  The  point  at 
}  almost  sadden  augmentation  of  plastic  deformation  occurs  is  termed 
point  or  breaking  down  point.  It  is  obvious  that  a  general  plastic 
►  f  a  structure  would  ruin  it  for  practical  purposes,  hence  the  yield 
QS  to  fix  a  limit  of  stress  independent  of  that  determined  from  consid- 
f  safety  against  fracture  which  the  working  stress  should  not  exceed, 
point  is  raised  by  loading  which  exceeds  the  primitive  yield  point, 
lot  usuaUy  practicable  to  raise  the  yield  point  of  a  material  artificially 
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win  says,  p.  6.3,  "  Next  to  tlie  jaeld  point  the  most  important 
point  to  observe  is  the  ])oint  where  the  maximum  load  is  reachei" 

Professor  ilarten^  *  is  another  authority  who  emphasizes  tke 
ini|K>rtanee  of  the  determination  of  yield  point  and  defines  clearly 
the  difference  l)etween  it  and  elastic  limit     Martens  says,  p.  28, 
*•  The  yield  i)oint  as  also  the  proportional  Kinit  are  well-defined 
jx)ints."     Again  we  may  refer  to  our  late  member,  Prof.  J.  R 
Johnson,  who  adaj)ted  his  ideas  to  those  proposed  by  the  French 
(■omiiiission  on  Methods  of  Testing  Materials,  but  unfortunately 
(lid  not  interpret  the  statements  jniblished  in  their  language  co^ 
rectlv.     lie  translates  the  French  tenn  "  la  limite  d'Elasticite 
Apparento  "  as  the  "^apparent  elastic  limit,"  and  then  defines  it 
as  a  point  which  is  not  at  all  apparent,  but  can  only  be  dete^ 
mined  and  recognized  by  most  delicate  apparatiis  and  with  great 
care  and  much  labor.     The  very  meaning  of  the  word  "ap^)a^ 
ent  "  is    as    follows:  "clearly  |)erceived,  or  perceivable;  easily 
understood,  evident."     The  fact  is  that  according  to  the  defini- 
tion.*^    of    Bauschniger,  ilartc^ns,  Tetmayer,    Bach,  Unwin,  and 
many  others  it  is  readily  observable  by  any  careful  inspector  or 
(•nginec^r  in  a  mill,  and  does  not  require  a  laboratory  equipment 
with  most  highly  trained  assistants. 

Why  this  method  i)ro]K>s(Ml  by  Johnson  for  detemuning  the 
*'  elastic  limit "  (when  his  French  models  distinctly  state  that 
they  coined  the  exj)ression  to  indicate  the  "  ;v^eld  point"  for 
which  thev  had  no  word)  and  re-stated  bv  Kent  in  Trans.  Amer. 
Inst.  Mining  Engrs.,  11K)J5,  should  now  be  adopted  by  this 
c<>Hniiitto(>  for  determining  a  doubtful  point  very  diflBciilt  to 
ascertain,  is  difficult  to  understand.  Let  us  examine  what  this 
method  projx)sed  by  Johnson  and  adopted  by  Kent  really  means 
and  loads  to.     Martens  says  on  j).  30: 

""  This  is  the  projx'r  i)lacc  to  call  attention  to  a  very  imjxni^ 
ihisronrrpfion  which  is  prodnceil  by  the  uncertainty  of  accurate 
definition  of  the  idea  of  elastic  limit,  and  the  existing  careless  dis- 
tinction  Ix^tween  proportional  and  elastic  limits  and  of  yi^U 
point."" 

If  you  will  read  the  references  to  Unwin  and  Martens,  given 
heretofore,  relating  to  yield  ]><nnt,  you  will  find  that  adding  loftdfl 

before  usiuj|j^  it  in  u  structure,  and  consequontly  the  primitive  yield  point,  doa  tfl 
tbo  moclianicnl  opf  rations  of  manufacture,  fixes  with  respect  to  deformation  tlu 
dangerous  limit  of  stn^ss."  "  The  Testing  of  Materials  of  Construction,**  W.  C 
Unwin,  pages  7,  02.  93,  99,  250,  305. 

♦  ''Hand-book  on  Testing  Material^"  Martens,  pages  28,  80,  44,  261,  etc. 
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luccessively  and  intermittently  always  raises  it  when  testing 
naterials  like  boiler  plate.  Another  point  is  this,  that  the  yield 
)oiiit  shows  itself  very  suddenly  in  many  cases  within  an  incre- 
nent  of  load  of  250  pounds  per  square  inch. 

The  plates  which  these  Specifications  refer  to  vary  from  -J  inch 
0  over  one  inch  in  thickness  as  the  allowable  variations  in  weight 
)f  all  of  these  thicknesses  are  given  in  extensive  tables.  The 
>roposed  increments  of  load  for  consecutive  measurements  of 
extension  are  1,000  pounds  per  square  inch.  Now  the  sections 
rf  the  proposed  test-pieces  1^  x  ^  inch  to  1^  x  1  inch  mil  vary 
romO.18  to  1.50  square  inch. 

The  necessary  load  on  the  testing  machines  to  produce  1,000 
wunds  per  square  inch  on  0.18  square  inch  section  will  be  180 
wunds.  It  is  a  practical  impossibility,  therefore,  to  make  such  a 
tst  on  thin  plates  with  any  ordinary  machine,  and  it  is  impossible 
omake  it  accurately  on  thicker  test-pieces  with  any  machine  run- 
iiing  at  the  speeds  customary  at  the  present  day  in  all  mills.  The 
Bere  starting  and  stopping  of  such  a  machine  will  add  a  thousand 
[»ounds  more  or  less  to  an  indefinite  degree  to  my  own  knowledge, 
by  the  great  inertia  of  machine  at  such  speeds  and  the  inertness 
'»f  all  oj)erators  under  such  conditions. 

Moreover,  the  time  re(piired  for  such  determination  of  what 
i*  erroneously  called  **  elastic  limit,''  but  should  have  been  called 
**  yield  point,''  is  so  great  and  troublesome  that  no  mill,  where 
^w  testing  is  to  be  done  according  to  these  specifications,  would 
or  could  put  up  with  it.  It  would  simply  paralyze  all  the  mill- 
Ning  laboratories  in  the  country.  Moreover,  the  yield  point 
i^iikes  itself  as  (juickly  apparent  on  a  large  as  well  as  on  a  small 
^"^t  piece,  because  when  this  point  is  reached  the  material  seems 
^  l)reak  down   instantaneously. 

The  fundamental  rule  for  making  all  tests  of  materials  is  to 
^Q  the  machine  so  as  to  add  equal  increments  of  load  continu- 
^^v  in  equal  intervals  of  time.  The  above  method  is  abso- 
Wy  opposed  to  this  fundamental  rule  necessary  to  obtain  uni- 
lorm  and  comparable  results. 

There  is  one  simple  and  accurate  way  of  determining  the 
.^Id  point,  which  should  be  done  in  every  case — as  the  yield 
Nt  is  the  niortt  important  ])oint  to  be  fixed  according  to  all 
'"thorities,  for  the  proper  design  of  all  machines  and  structures 
Sect  to  varying  loads. 

This  simple   and  accurate  method  is  to  use  a  pair  of  finely 
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pointed  dividers,  with  a  reading  glass  mounted  on  one  leg  to 
show  accurately  w^hat  is  happening  under  one  of  the  pmnts. 

The  dividers  are  set  to  any  distance  about  eight  inches.  Whea 
the  dividers  have  then  been  set  on  the  test  piece  with  the  point 
of  one  leg  in  a  punch  mark,  a  fine  scribe-line  is  made  on  the  test 
piece  with  the  other.  As  the  loading  then  proceeds^  stretching 
at  a  uniform  rate  will  b(H;ome  apparent  as  the  scribed  line  moves 
away  from  the  point  of  the  dividers.  Instantly  the  yield-point 
is  reached  the  rate  of  extension  increases  with  remarkable  speed 
in  a  striking  manner  and  the  operator  then  takes  a  reading  of 
load  without  any  disturbance  or  interruption  in  the  operation  of 
the  test. 

This  motluMl  is  <iuitx:^  within  the  capacity  of  all  those  usually 
emj)loyed  in  making  routine  tx»sts  in  shops  and  mills,  and  gim 
accurate?  results  wherever  desired. 

There  is  another  suggestion  I  should  like  to  make  to  the  com- 
mittee as  it  has  had  sucli  difficulty  in  obtaining  assistance  in  pre- 
j)aring  these  pro^wsed  standard  specifications. 

I  refer  to  Figs.  02  and  J)8,  in  which  account  has  been  taken 
of  metric  dimensions  *  after  this  Society  last  spring  decided  to 
have  notliing  to  do  with  the  metric  system,  as  it  Was  no  good  at 
the  ])res(»nt  time,  in  fact  being  hardly  in  general  use  anywhere. 

These  figures  show  metric  dimension  to  the  hundredths  of  a 
millimetre.  A  hundredth  of  a  millimetre  is  not  quite  .0004 
incli,  and  our  mechanics  and  those  using  the  metric  standards 
might  become^  jx'rplexed  and  get  these  dimensions  incorrect  to 
ou(^  of  two  liundredths  of  a  millimetre.  Had  not  these  fractions 
better  be  left  off^ 

Moreover,  if  the  a])proximate  metric  measures  were  substi* 
tilted,  th(»  ])rincii)al  dimensions  of  the  proposed  test-pieces  woulc 
b(  almost  identical  with  those  used  in  continental  Europe.  Btf 
I  have  litth?  ho]>es  that  our  committee  will  drop  a  decimal  of  i 
millimetre  in  the  radius  of  a  fillet  or  in  the  total  lengths  an( 
dimensions  as  sliown.  Moreover,  there*  is  one  positive  error  n 
Fig.  !>:?.  There  sliouhl  not  be  eight  dinsiona  of  the  ^-voci 
gaug(^  length,  but  twenty  ^►f  0.40  inch  each,  which  is  practicall; 
tlie  saui(»  as  the  c^'utimetre  divisions  which  the  Euro]X>ans  hav 
a(lo])t(»(l.  Tlie  one-inch  divisions  are  much  too  large  for  mea«ui 
ing  tlie  proportional  elongation  of  the  test-piece,  and  those  0.4" 
inch  are  just  about  right,  and  results  measured  thereon  can  h 

*  Kditor  : — Thc!*e  metric  diinonsions  have  been  omitted  in  revision. 
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'adily  compared  with  those  obtained  in  Europe  or  published  in 
le  most  valuable  foreign  reports,  and  without  introducing  any 
leasurable  errors. 

It  is  not  iK)ssible  to  prepare  one  set  of  Standard  Specifications 
» cover  boiler  plate,  rivet  steel,  steel  castings  and  f orgings. 
This  is  demonstrated  by  the  fact  that  in  the  report  before  us 
jecilications  for  tank  or  sheet  steel  have  become  mixed  up  with 
lose  for  boiler  plate,  as  will  be  seen  by  comparing  the  tables  of 
lowable  variations  in  weight  of  plates.  One  table  refers  to 
'iler  plate  from  ^  inch  thickness  and  over,  while  the  other 
fers  to  all  sheets  j  inch  in  thickness  and  under.  It  is  a  well- 
lown  fact  that  such  thin  plates  are  never  used  in  boiler  con- 
ruotion,  hence  any  reference  to  them  in  this  paper  is  quite  out 
\)\\m\  Much  more  miglit  be  criticised  in  the  report  as  to  the 
tlcfinitcness  as  to  how  manv  tests  shall  be  made,  what  facilities 
r  making  them  shall  be  provided,  and  who  shall  provide  them. 
In  these  S])ecifications  everything  referring  to  these  matters 
left  entirely  to  the  good  will  of  the  steel  maker,  and  no  author- 
ns  given  to  the  purchaser  of  the  material,  who  is  the  first  party 
be  satisfied. 

It  is  to  bo  hoped  that  this  review  of  the  report  will  give  the 
embers  of  the  committee  cause  for  reflection,  and  enable  them 
'  produce  a  re|)ort  more  nearly  up  to  the  present  time  in  the 
*ld  of  testing  materials  and  to  prepare  practical  and  useful 
^ndard  Specifications,  which  will  serve  the  objects  of  the  en- 
neer  as  well  as  those  of  the  steel  maker.  The  apparent  result 
producing  those  before  us  has  been  a  rather  sad  one. 

Mr.  W.    W.  Di7}gee.— 

Racine,  Wis.,  U.  S.  A.,  November  14,  1903. 
t)/.  F.  H.  Mutton: 

Hear  Sir:  In  response  to  circular  No.  979,  I  would  say  tliat  for  the  past  seven 
Wlhe  J.  I.  Case  Threshing  Machine  Company  of  Racine,  Wis.,  have  furnished 
•V  Ptirrha^tn^;  Apont  with  specifications  for  all  the  various  material  used  in 
w  buKin€»88.  They  have  a  well  eijuipped  Chemical  and  Physical  laboratory 
tvfp  thwe  speeifications  are  prepared  and  where  samples  of  all  material  re- 
•v«l  arc  tested  to  see  that  they  come  up  to  requirements.  These  specifica- 
^wfnilMxiy  the  result  of  our  lon^  experience  in  the  requirements  of  material 
f  <Hir  8pe<'ial  purposes  and  as  a  result  we  now  have  control  of  many  subtle 
fluences  that  formerly  were  not  understood  and  the  tendency  of  which  was 
mtke  the  life  of  a  maruifacturer  a  burden. 

EofloMPtl  are  samples  of  these  papers  touching  tlie  subject  matter  under  con- 
ipralion  and  which  may  be  made  a  part  of  the  discussion. 

Yours  truly, 
Jirlosaire.)  W.  W.  Dingee. 
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No.  307. 

SPECIFICATIONS   FOR   BOILER   RIVETS. 

The  rivets  purchased  under  this  specification  are  to  be  made 
of  the  l)est  grade  of  Open-Hearth  steel,  and  should  be  formed  in 
solid  st(»el  dies,  \,e.^  closed  dies. 

The  rivets  must  be  exact  in  size  and  fit  the  metallic  gauges 
furnished  bv  the  J.  I.  Case  T.  M.  Co. 

In  the  event  of  no  gauge  being  furnished  it  is  understood  that 
tlie  shape  and  dimensions  are  to  conform  to  the  blue  prints  fur- 
nished by  the  company,  or  to  a  regular  stock  sample. 

The  body  of  th(i  rivet  should  be  perfectly  round,  exact  in  size, 
and  free  from  oxide  or  scale. 

Tlie  head  should  be  in  accordance  with  the  metallic  gauge, 
blue  print,  or  sample. 

The  rivets  must  be  free  from  all  injurious  defects,  be. finished 
in  a  workmanlike  manner,  and  fulfill  the  following  requirements: 

Physical  Test. 

Cold  Bending  Niek  Test. — Nicked  with  a  cold  chisel  on  one 
side  of  the  shank  or  bodv,  the  rivet  must  bend  double  (awav  from 
the  niek),  flat  upon  its(df  (/.f*.,  180  degrees)  without  breaking. 

Note  — A  hand  cold  chisel  must  be  used  in  nicking  Uie  test  pieces,  and  a  ham- 
nier  of  not  over  three  pounds  in  weight  used  for  striking  the  chisel.  No  nve% 
will  stand  the  bending  test  if  nicked  deep>er  than  one-fourth  the  diameter  of  the 
rivet. 

Quench  Test. — Heated  to  a  cherry-red,  quenched  in  water  at  ' 
a  temperature*  of  80  degrees  Fahr.,  and  then  nicked  on  the  side 
\vith  a  cold  chisel,  the  rivet  must  bend  double  (away  from  the 
nick),  fiat  upon  itself  without  breaking. 

Disk  Test  {Cold). — A  rivet  held  in  an  upright  manner  or  ver- 
tical position,  under  the  trip  or  drop  hammer,  and  flattened  by 
repeated  blows  to  a  circular  disk  must  show  no  signs  of  "cold 
shortness,"  i\e.,  must  not  crack,  s])lit  or  crumble. 

Flat  Test  (Hot), — A  rivet  heated  to  a  bright  cherry-red  and 
placcMl  in  a  flat  or  horizontal  position  under  the  hammer,  must 
show  no  signs  of  ''  red  shortness  "  (ie.y  must  not  crumble),  when 
flattened  to  a  thickness  of  one-fifth  the  original  diameter  of  the 
bodv. 
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Chemical  Composition. 

Rivets  wliich  will  pass  all  of  the  required  physical  tests  should 
be  witHiii   tlie  following  limits  in  regard  to  composition: 

Phosphorus  should  not  exceed  0 .03  per  cent. 
Sulphur  "        "  "       .025  "    " 

Saicon  "        "  "       .02     "    " 

Manganese      "        *'  "       .50     "     " 

Carbon  "        "  "       .15     "     " 

RemarJcs. — ^Material  will  not  be  accepted  which  fails  to  meet 
tbe  req^nirements  in  regard  to  size,  uniformity,  and  gauge  dimen- 
sions. 

Failure  of  more  than  five  per  cent,  of  the  rivets  to  pass  the 
physical    tests  will  be  cause  for  rejectment. 

(A   certain  number  of  rivets  will  be  taken  from  each  keg  or 
package  for  the  physical  test,  and  such  test  decides  the  acceptance 
or  rejectment  of  that  package  in  particular,  but  if  more  than  half 
of  the  individual  tests  fail,  the  whole  lot  may  be  rejected.) 
Material  will  also  be  rejected  which  shows  on  analysis: 

Phosphorus  over  0.04    percent. 
Sulphur  "       .035     "      " 

Any  alteration  in  this  specification,  either  in  the  physical  re- 
quirements or  the  chemical  composition,  must  be  stated  in  writ- 
ing at  the  time  of  contract  and  signed  by  the  party  furnishing  the 
material^   also  by  the  Purchasing  Agent. 

No.  302. 

SPECIFICATIONS   FOR   STEEL   CASTINGS. 

Steel  for  castings  may  be  made  by  either  the  Open  Hearth, 
Crucible,  or  Tropenas  Bessemer  Process;  preference  being  given 
the  open-hearth  product. 

The  eastings  must  be  true  to  pattern,  free  from  external  blem- 
i?hes,  blow  holes,  shrinkage  cracks,  cold  shuts  and  other  injurious 
defects. 

No  porosity  shall  be  allowed  in  portions  where  the  resistance 
tnd  value  of  the  casting,  for  the  purpose  intended,  will  be  seri- 
ously affected  thereby. 
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The  castings  are  to  be  annealed  or  nn-annealed,  as  specified  by 
the  purchasing  agent  under  the  head  of  remarks. 

If  annealed,  the  castings  must  receive  a  proper  heat  treatment 
and  be  given  a  sufficient  time  in  which  to  cool,  so  that  all  intemil 
strains  are  relieved  and  the  metal  assumes  its  proper  degree  of 
ductility. 

Large  castings  suspended  and  hammered  aU  over,  should  not 
after  this  treatment  show  any  defect  or  weakness. 

The  castings  must  be  properly  cleaned  and  free  from  sand, 
scale,  etc. 

Steel  castings  will  be  divided  into  three  classes:  Soft,  Medium 
and  Hard. 

The  physical  (qualities  and  chemical  composition  of  the  diffe^ 
ent  grades  or  classes  must  conform  to  the  following  require- 
ments. 

Soft  Cimt  SUel 

Physical  Test. 

Test  pieces  for  the  physical  test  may  l>e  cut  cold  from  • 
coujmn,  molded  and  cast  on  some  portion  of  one  or  more  casting 
from  each  melt,  or  from  a  sink  head,  riser  or  sprue,  on  suci 
castings. 

The  test  piece  should  be  fashioned  so  as  to  give  a  gauge* 
length  of  two  indues  and  about  one-half  inch  diameter. 

A  bending  test  made  on  a  sjKJcimen  one  inch  wide  and  abou 
one-half  inch  thick,  must  bend  cold,  around  a  diameter  of  on 
inch,  through  an  angle  of  120  degrees  without  fracture  on  th 
outside  of  the  bent  portion. 

Tensile  Strength  must  not  be  less  than  58,000  pounds  p< 
square  inch. 

Elastic  Limit  must  not  be  less  than  27,000  pounds  per  squa 
inch. 

Elongation  measured  in  2  inches,  must  not  be  less  than  22.  p 
cent.,  and  the  reduction  in  area  should  not  be  less  than  30.  p 
cent. 

Chemical  CoYnposUion. 

Carbon  may  range  from  0.10  to 0.22  per  cent. 

Manganese      "*       '*  "       .20"     .75    "      " 

PhosphoruH         must      not       exceed  .08     "      " 
Sulphur  "  "  "       .06    "      " 

Silicon         should        not         exceed  .40    "      '* 
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Medium  Cast  Steel, 
cal  Test. 

fe  Strength  must  not  be  less    than    65,000  pounds  per 
nch. 
Ic  Limit  must  not  be  less  than  31,000  pounds  per  square 

nation  measured  in  2  inches,  must  not  be  less  than  18.  per 
id  the  reduction  in  area  should  not  be  less  than  25.  per 

Chemical  Composition. 

Carbon  may  range  from  0. 22  to  0 . 35  per  cent. 

Manganese  *'         "           "       .25  "     .80     "       " 

Phosphorus  must      not       exceed    .07     "       " 

Sulphur  "           "             *'         .05     "       " 

Silicon  should       not          exceed    .35     "       " 

Hard  Cast  Steel. 
cal  Test. 

k  Strength  must    not  be  less    than  80,000    pounds  per 
nch. 
c  Limit  nuist  not  be  less  than  39,000  pounds  per  square 

nation  measured  in  2  inches,  must  not  be  less  than  12. 
.,  and  the  reduction  in  area  should  not  be  less  than  20. 

Chemical  Composition. 

Carbon  may  range  from  0 .  35  to  0 .  50  per  cent. 

Manganese  "         "         *'        ^30  "     .85     '*       " 

Phosphorus  must      not       exceed    .06     "       " 

Sulphur  "           •♦               "        .04     "       " 

SUicon  should        not       exceed    .30     "       " 


I  no  special  grade  or  class  is  spcciticMl  by  the  purchasing 
tie  material  may  be  anywhere  within  the  limits  of  a  soft 
1  steel. 

-It  will  he  noticed  that  the  specified  chemical  composition  is  not  at  all 

>t  in  the  case  of  phosphorus  and  sulplmr. 

nee  has  shown  that  phosphonis  in  unworked  steel,  if  very  high,  pro- 

•enie  brittleness  by  making  tlie  material  "cold  sliort." 

ilphur  produces  "red  shortness,"  increases  shrinkage,  makes  the  cast- 

and  indirectly  causes  blow  holes. 

ese  stiffens  the  steel,  raises  the  elastic  limit,  partially  neutralizes  the 

iilphur,  eliminates  the  occluded  gases,  and  in  a  measure  prevents  blow 

in  the  initial  charge  raises  the  heat  and  imparts  fluidity;  in  the  final 
has  a  tendency  to  impart  rigidity  and  hardness. 
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Aluininiuiii,  either  pure,  or  in  the  form  of  "Ferro-ahnniniuin"  w  pn* 
ally  added  to  the  melted  steel  for  the  purpose  of  quieting  the  bath,  raiang  t 
heat,  purifying  the  metal,  and  unparting  greater  fluidity;  an  exceanve  amoi 
of  aluminium  added  to  a  steel  low  in  manganese,  will  often  produce  a  aegrept 
porosity  in  the  material. 

Blow  holes  in  steel  castings  are  the  most  common  cause  of  trouble,  and 
defect  is  seldom  discovered  until  the  casting  breaks. 

Porosity  or  spongy  places  in  castings  are  also  a  source  of  troubk;  this  n 
in  a  measure  he  avoided  by  the  use  of  fillets  in  sharp  comers  and  angles,  i 
by  changing  the  form  of  the  pattern  so  as  to  relieve  the  draw. 

Under  the  head  of  physical  test  we  have  allowed  an  elastic  linut  of  less  t1 
half  the  ultimate  teiLsilc  strength,  usually  however,  it  will  be  higher,  and  in 
high  carbons,  somewhat  closer  to  the  breaking  point. 

Carbon  is  not  rigidly  specified,  as  noticed  in  the  adoption  of  the  ¥ 
"sliould,"  w^hich  implies  tliat  the  maker  be  allowed  a  reasonable  vaiiatior 
order  to  get  the  desired  strength. 

We  re>jer>'e  the  right  to  use  the  drop  test  or  any  other  reasonable  test  to 
lermine  the  quality  of  the  material  and  its  freedom  from  blow  holes  or  o 
flaws. 

Instruction  in  regard  to  annealing,  and  such  changes  as  the  purcha 
agent  may  decide  on  in  respect  to  physical  requirements,  chemical  composit 
etc.,  must  be  stated  in  writing  and  signed  by  the  party  in  question. 

No.  324. 
SPECIFICATIOXS  FOR  STEEL  RIVET  RODS. 

Two  grades  of  steel  are  considered  in  this  specification 
are  to  be  designated  as  '*  Extra  Quality"  (Class  A),  and  " 
dinary  Quality  "  (Class  B). 

Class  A  is  to  be  a  mild  steel  of  superior  quality,  made  by 
()j)en-IIeartli  i)rocess. 

Class  n  is  to  be  a  good  grade  of  soft  steel,  made  by  the  0] 
Hearth  or  B(»sseuier  process,  as  onlered  and  agreed  upon  at 
time  of  c<^u tract. 

B(^tll  grades  of  material  must  be  free  from  injurious  def< 
be  free  from  excess  of  scale,  tiiiislied  in  a  workmanlike  man 
and  conform  to  tlie  ritquirements  of  the  physical  test  and 
chemical  com])osition. 

*'  EXTKA    (^rALITY    (ClASS  A)." 

Chemical  Compoftition. 

Phosph/yrua  must  not  exceed  0.03  per  cent 

Sulphur          "       "           "  .025       "       " 

il/a7ifliar?f.sf  should  not  exceed  .50       "       " 

Carbon             "         "         "  .15       "       " 

Silicon             "         "         '*  .02       "       " 


I 

I 
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Material  will  not  be  accepted  which  shows  on  analysis: 


Phosphorus  above  0 .  04    per  cent. 
SiUphur  "         .035 


a  fiOK      it        a 


Physical  Tests. 

The  Tensile  Strength  should  not  be  less  than  55,000  pounds 
or  more  than  62,000  pounds  per  square  inch. 

The  Elastic  Limit  must  not  be  less  than  one-half  the  ultimate 
strength. 

The  Elongation^  measured  in  8  inches,  should  not  be  less  than 
28.00  per  cent. 

Material  will  not  be  accepted  which  shows  a  tensile  strength 
of  less  than  45,000  pounds  or  more  than  65,000  pounds  per 
square  inch. 

"Ordinary  Quality  (Class  B).'' 

Chemical  Composition. 

Phosphorus  must  not  exceed  0.09  per  cent 
Sulphur  "       "  "         .05     "      " 

A/arw/aneac  should  not  exceed     .50     "       " 
Carbon  "         "         "         .15     "       " 

Silicon  **        "        "         .05     "       " 

Material  will  not  be  accepted  which  shows  on  analysis: 


Phosphorus  above  0. 10  f)er  cent. 
Sulj^ur  "         .06 


it  fUl        it  ti 


Phvsical  Tests. 

The  Tensile  Strength  should  not  be  less  than  52,000  pounds  or 
more  than  62,000  pounds  per  square  inch. 

The  Elastic  Limit  must  not  be  less  than  one-half  the  ultimate 
t'trength. 

The  Elongation,  measured  in  8  inches,  should  not  be  less  than 
:?6.00  per  cent. 

Material  will  not  be  accepted  which  shows  a  tensile  strength 
of  less  than  45,000  pounds  or  more  than  70,000  pounds  per 
square  inch. 

Cold  Bending  Test, — Class  A  and  B  material  must  bend  flat 
njxm  itself  (180  degrees)  without  showing  signs  of  fracture  on 
the  outside  portion  of  the  bend. 

Quench  Test, — Class  A  or  B  must  show  no  signs  of  fracture 
when  hent  flat  upon  itself,  after  heating  to  a  cherry  red  and 
quenching  in  water. 
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Hammer  Test. — Class  A,  material  heated  to  a  bright  cheny  red 
and  drawn  out  under  the  hainiuer  to  a  thickness,  at  the  point, 
to  one-fifth  its  original  diameter  must  not  split,  crack  or  crumUe. 

Class  B,  tr(*ated  in  the  same  manner  must  not  crack  or 
crumble*  when  hammered  to  a  thickness  equal  to  one-third  the 
original  diameter  of  the  rod. 

Any  alteration  in  this  specification  in  regard  to  compoation 
or  physical  requirem(»nts  pertaining  to  either  class  of  material 
must  be  stated  in  writing  at  the  time  of  contract  and  signeil  by 
the  Purchasing  Agent  and' the  party  furnishing  the  material 

No.  287. 

SPECIFICATIONS  FOR  BOILER  PLATE,  FIRE  BOX  AXD 

FLANGE   STEEL. 

Boiler  Shell  Plates,  Front  Tube  Plates  and  Butt  Strips. 

The  material  purchased  under  this  specification  is  understood 
to  be  a  superior  grade  of  '*  Opi^n-TTearth  "  steel. 

It  must  b(^  li()mog(Mie()us  in  structure,  free  from  blister,  cracks 
and  other  injurious  fiaws  or  defects. 

It  must  also  fulfil  all  the  requirements  of  the  following 
physical  test: 

Plivsical  Test. 

Tensile  t<tren(jth, — Tlie  ultimate  breaking  strain  must  not  be 
less  than  r):>,000  pounds  or  more  than  05,000  pounds  per  square 
inch. 

Elastic  Limit. — The  elastic  limit  must  not  be  less  than  one- 
half  of  the  ultimate  tensile  strength. 

KhnKjatiou, — The  elongation  measured  in  eight  (8)  inches, 
must  not  he  less  than  the  f<>llowing  per  cent.,  according  to  thick- 
ness : 

20  por  rent,  for  plate  J  in.  and  under. 
21>   "       "       "     ''       J  to  3  in.  thick. 
25   ''      "       "     "       3  in.  and  over. 

Colli  Bpndiiuj  Tost. — Th<*  specimen  must  bend  flat  upon  itself 
(ISO  degn^es),  without  showing  signs  of  fracture  at  any  part  of 
the  bend. 

Quench  Test. — A  piece  of  the  steel  plate  heated  to  a  bright 
cherry-red  color,   then  quenched  in  water  at  a  temperature  of 


VJJlTEj  rivet  STEEL^  steel  castings  and  F0BQIN08.     345 

es  Fahr.  must  bend  around  a  curve  equal  to  one  and  one- 
I  times  the  thickness  of  the  plate  without  showing  signs 
ire  on  the  outside  portion  of  the  bend. 

Chemical  Composition. 

er  to  meet  all  the  requirements  of  the  physical  test  and 
1  the  limits  of  a  superior  grade  of  Open-Hearth  steel, 
deal  constituents  must  conform  to  the  following  speci- 
?ntage: 

Carbon,  not  under  0.12  or  above  0.20  per  cent. 
Phosphorus  f  not  above  .04     "      " 

StUjiiur,  u        u  04     u      a 

Manganese,  «        "  .50     "      " 

Silicon,  "        "  .05     "      " 

nent. — Material  will  be  rejected  which  shows:      ^ 

tensile  strength  of  less  than  50,000  pounds  per  square 

[nore  than  65,000  pounds  unless  the  elongation  is  28 

or  more. 

I  elongation  less  than  the  quotient  of  1,400,000,  divided 

nsilc  strength  per  square  inch. 

iliire  to  pass  the  cold  bending  or  the  quench  test. 

losphorus  above  0.05  per  cent.     Sulphur  above  .05  per 

Fire  Box  and  Bach  Tiibe  Plate. 

atcrial  desired  under  this  heading  is  understood  to  be 
prade  of  "  Open-Hearth  "  steel  that  it  is  possible  to 
modem  methods. 
of  the  folloudng  composition  is  desired. 


Carbon, 

0.18 

per 

cent. 

Phosphorus, 

not  above 

.03 

ti 

n 

Sulphur, 

a 

(t 

.02 

it 

it 

Mangane^Ct 

It 

i( 

.40 

n 

It 

Siliam, 

11 

ft 

.02 

it 

a 

al  will  be  rejected  which  shows  on  analysis: 

Carbon,  below  0 .  14  or  over  0 .  25    per  cent. 
Phosphorus,  above  .035    "      " 

Sulfur,  "  .045     "      " 

Manganese,  "  .50      "      " 

Silicon,  "  .05      "      " 
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Phyidcal  Test 

This  steel  should  pass  all  the  specified  tests,  viz: 

Tensile  Strength. — The  ultimate  breaking  strain  should  : 
be  less  than  52,000  pounds  per  square  inch,  nor  more  tl 
G5,000  pounds. 

Plates  with  a  tensile  strength  of  more  than  65,000  pounds ' 
not  be  rejected  providing  the  elongation  is  30  per  cent,  or  o^ 

Elastic  Limit. — Must  not  be  less  than  one-half  of  the  ten 
strength. 

Usually  the  elastic  limit  is  about  35,000  pounds  where  the 
sile  strength  averages  60,000  pounds  per  square  inch. 

Elongation. — ^]VIeasured  in  8  inches,  should  not  be  less  thai 
per  c(»nt;  and  in  all  cases  it  should  not  be  less  than  the  quot 
obtained  by  dividing  1,450,000  by  the  tensile  strength  per  sq 
inch. 

This  material  must  also  stand  the  cold  bending  test  and 
quench  test. 

It  must  also  bo  free  from  seams,  cracks,  cavities  due  to 
bubbles  in  the  ingot,  pipe  laminations  or  other  defects. 

A  micro-photograph  of  the  material  should  show  a  homo{ 
ous  structure. 

The  plate  should  be  of  even  thickness,  straight,  smooth  r 
and  finished  in  a  workmanlike  manner. 

Mr.   Walter  Flint— 

New  York  Ctfy,  November  18,  \\ 
American  Society  of  Mechanical  Engineers: 

Gentlemen:  I  have  the  report  of  tlie  committee  which  was  appoini 
make  out  specifications  for  boiler  plate,  rivet  steel,  etc.,  and  I  have  look« 
matter  over  quite  thoroug;hly.  It  seems  to  me  that  Mr.  Henning's  point  i 
taken.  Surely  every  one  must  admit  tliat  when  a  member  of  a  bridge  or 
or  any  other  stnicture  is  loaded  beyond  the  "yield  point,"  it  will  never 
perform  its  duty  in  that  stnicture,  and  the  other  members  are  then 
upon  to  perform  a  duty  for  which  they  were  not  designed.  I  will,  the 
say  that  the  determination  of  the  "yield  point"  certainly  ought  to  be  rel 
and  every  care  taken  to  determine  it  with  accuracy. 

Yours  very  truly, 

Walter  Fum 

L,  S.  liandolph. — Tlii-^  diricussion  seems  to  be  open  to  cril 
for  the  following  reasons: 

Firat,  The  groiijung  of  the   specifications  for   steel  ca 
and  boiler  j)late  is  a  very  decided  mistake.     This  material 
used  by  the  same  departments  of  the  shop,  or  are  they  mi 
the  same  shop,  and  it  is  a  useless  complication  to  have  one  s 
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cation  covering  two  classes  of  material  so  widely  different  as 
boiler  plate  and  steel  castings.  It  is  doubtful  whether  there  is 
any  reason  for  the  riveted  steel  going  on  the  same  sheet  with 
boiler  plate. 

Second,  The  minimum  requirements  should  be  lower  with 
possibly  a  different  nomenclatum  carrying  it  very  soft  and  giving 
55,000  pounds  ultimate  tensile  strength  plus  or  minus  5,000 
pounds.  This  allows  material  to  come  under  this  head  which 
is  needed  for  certain  classes  of  fire-box  work.  Of  course,  the 
corresponding  change  in  the  elongation  being  made. 

Third,  The  specifications  are  a  little  ambiguous  as  to  the  size 
of  test  specimens,  the  indication  being  that  2^  inch  test  speci- 
mens can  be  used  on  boiler  plate,  although  this  may  be  intended 
to  castings  and  forgings  only.  One  of  the  most  important  con- 
siderations in  testing  materials  is  to  have  the  specimens  of  uni- 
form size.  If  there  is  much  work  where  the  large  specimens 
cannot  be  obtained,  a  small  specimen  should  be  adopted  as 
standard  and  should  be  held  to. 

Fourth.  It  should  be  stated  that  the  facilities  for  making 
tests,  etc.,  should  be  furnished  by  the  manufacturer  free  of  cost. 
This  is  what  is  being  done  at  the  present  time. 

Fifth.  I  agree  with  Mr.  Henning  in  the  dropping  of  the  yield 
point.  It  would  be  much  more  sensible  to  drop  the  ultimate 
tensile  strength  and  leave  the  yield  point  in  even  if  w^e  had  to 
>low  down  our  machines  somewhat.  There  is  little  doubt  in  the 
niind  of  the  writer  that  much  of  the  inspection  to-day  is  simply 
perfunctory.  The  specifications  should  be  drawn  up  primarily 
»o  as  to  insure  the  furnishing  of  first-class  material,  and  should 
then  be  eased  off  so  as  to  get  everything  that  is  absolutely  neces- 
sary in  the  quality  of  material  desired  at  a  minimum  price  and 
at  the  minimum  expenditure  of  trouble  by  the  manufacturer. 
The  manufacturer,  however,  should  bo  made  to  come  to  the 
^ifications,  and  not  the  specifications  to  the  manufacturer. 

Sixth.  The  drop  test  and  percussion  test  are,  in  the  opinion 
of  the  writer,  hardly  necessary  for  tlie.  boiler  steel,  and  the 
J^ifications  are  so  ambiguously  dra^\^l  in  regard  to  the  two 
tests  that  it  is  impossible  to  say  whether  they  are  meant  for 
castings  only  or  boiler  steel  also.  It  should  be  said  that  it  is 
very  difficult  to  have  specifications  so  widely  different  in  uses 
«id  characteristics  under  the  same  heading  and  not  have  such 
tmbiguities  occur. 


348     BOILER  PLATE,   KIVET   STEEL^   STEEL  GASTDfOS  AND  FOBGINQfi. 

A,  Bemenl. — A  most  sur])riaiiig  feature  of  these  specificitions 
is  that  the  determination  of  the  most  important  characteristic 
is  excluded,  that  of  the  yield  point.  I  cannot  believe  that  the 
members  of  this  Society  will  allow  the  perpetuation  of  this  grave 
error  in  the  final  report  of  the  committee.  It  is  specified  that 
this  omission  be  made  for  "  ordinary  grades,"  wliich  means,  in 
fa(»t,  all  commercial  grades,  and  is  almost  equivalent  to  recom- 
mending the  abandonment  of  this  determination  altogether. 

I  would  suggest  that  requirements  for  material  used  for  holts 
and  studs  b(^  included  in  these  specifications,  especially  those 
employ(»d  in  engines  and  similar  machinery.  With  rivets,  if 
unsuitable  material  i«  employed,  there  is  liability  of  their  break- 
ing before  delivery  to  the  customer.  But  with  bolts  and  studs, 
bad  material  can  be  used  without  liability  of  failure  until  deliv- 
ery  of  the  machine  is  mad(»  to  the  customer;  then  failure  is  quite 
liable  to  be  attributed  to  some  other  cause. 

Prof,  G.  Lanza, — 1  should  like  to  make  a  few  remarks,  simply 
to  touch  upon  two  points.  Profc*ssor  Spangler,  in  proposing  to 
drop  the  yield  point,  claimed  that  in  steel  varying  from  45,000 
to  (>5,000  pounds  tensile  strength  the  other  requirements  would 
secure,  in  every  case,  a  yield  point  of  at  least  half  the  tensile 
strength.  In  making  that  remark  he  admits  its  importance,  and 
it  seems  to  me  that  the  yield  point  requirement  ought  not  to  he 
dropped,  at  any  rate,  unh^s  that  position  is  indisputably  proved, 
and  I  do  not  believe  that  it  is  proved  yet  beyond  the  possibility  of 
doubt. 

Another  point  is  that,  in  considering  axles  and  moving  parts 
of  machinery,  which  are  subjected  to  arltemate  stresses,  we  need 
to  look  after  our  specifications  with  reference  to  the  power  of 
material  to  bear  r(»peat(»d  str(^s<»s.  Investigations  upon  repeated 
stress  show  that  tli(?  yicdd  point  plays  some  part  which  is  not 
very  well  known  yet,  and  it  seems  to  me  important  that  we  shouM 
retain  a  recpiirement  for  it  until  these  relations  can  be  deter 
mined. 

The  onlv  oth(»r  remark  I  desire  to  make  is,  that  when  tw 
high  a  speed  is  adoptt^l  in  the  testing  machine,  it  is  not  only  tb 
yield  jxmit  which  is  conceah^d,  but  various  other  things  whie 
ja'e  of  importance — matters  which  concern  the  tensile  strengt 
als<». 

Prof,  li,  C,  Carpenier, — I  would  like  to  make  a  remark  on  thi 
It  seems  to  me  that  the  yield  point  is  of  importance,  and  of  su 
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ficient  importance  to  be  retained  in  these  specifications.  One  of 
the  important  things  which  I  think  may  result  from  retaining 
the  requirement  for  determining  the  yield  point  is  that  it  will 
lead  to  more  care  in  the  testing  of  materials.  At  the  present 
time  the  material  tests  made  by  manufacturers  are  made  too 
rapidly  to  be  accurate,  as  I  have  found  out  by  Experience.  In- 
deed, they  are  in  many  cases  very  far  from  accurate.  This  ad- 
ditional requirement  must  require  more  care,  and  will  give  us 
much  more  reliable  results,  from  commercial  tests. 

H.  IF.  Spajigler. — As  the  Chairman  of  the  committee  has 
received  but  one  communication,  that  of  Mr.  Bement,  relating 
to  the  matter  of  these  specifications,  which  discussion  is  here- 
^itli  presented,  there  has  been  no  meeting  of  the  committee 
^ince  the  last  meeting  of  the  Society.  The  following  comments 
are  his  own,  and  not  those  of  the  committee. 

It  is  to  be  remembered  that  these  specifications  cover  steel 
between  45,000  and  85,000  pounds  tensile  strength  having  def- 
inite chemical  and  physical  properties. 

There  has  been  but  one  objection  raised  to  these  specifica- 
tions, and  that  as  I  understand  it  is  to  the  dropping  of  the  yield 
point  (or  elastic  limit)  for  materials  covered  by  these  specifica- 
tions. With  the  other  requirements  of  the  specification  ful- 
filled, a  high  elastic  limit  will  be  obtained.  I  would  be  glad  to 
he  referred  to  any  data  showing  that  if  all  the  requirements  of 
this  specification  are  met,  the  yield  point  is  not  as  high  or  higher 
than  half  the  ultimate  strength.  A  careful  examination  of  the 
reports  of  the  Waterto^vn  Arsenal  for  1901  and  1902  shows  that 
there  are  133  tests  of  steel,  mostly  castings  and  forgings  (the 
nltiinate  strength  of  which  would  bring  them  within  the  limits 
of  these  specifications,  and  which  materials  might  be  tendered 
under  these  apeeificdtions)  having  the  elastic  limit  less  than  one- 
^]i  the  ultimate  strength.  Of  the  samples  one  hundred  and 
nineteen  would  not  fulfil  the  other  physical  requirements.  As 
the  chemical  composition  of  these  samples  is  not  stated,  it  is 
impossible  to  tell  from  the  printed  reports  whether  the  re- 
nuunder  would  fulfil  the  specifications  or  not,  but  89.5  per  cent, 
would  be  rejected  on  their  physical  tests  alone  exclusive  of  the 
^Iwtic  limit  and  the  chemical  composition. 

The  objection  made  by  Mr.  Henning  that  the  suggested 
method  of  determining  the  elastic  limit  (yield  point)  is  inaccur- 
«te  because  "  when  you  take  a  reading  and  stop  the  load  and 
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TEST  OF  SOFT  STEEL 

Mociiinc  running  continuously  after  5000l^ 
Scale  weight  moved  by  hand. 
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thiMi  reload  tlio  material,  it  begins  to  stretch  slightly,  but  the 
vield  point  will  thereby  he  raised  "  does  not,  1  believe,  applv  to 
materials  that  are  not  h>aded  above  the  proportional  liiuit  *and 
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TEST  OF  SOFT  STEEL. 

Machine  stopped  at  each  step.  Soale  weight  advanced 
before  machine  is  again  started. 
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Fig.  95. 
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126 


practically  I  <lo  not  believe  that  the  value  of  the  quantity  to  be 
deteruiined  here  is  affected  by  the  stopping  and  starting  of  the 
machine     necessary   for   the    reading   of    a    micrometer    extenso- 
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meter.  A  series  of  tests  were  made  by  me  on  a  bar  of  com- 
mercial soft  steel  to  test  this  point.  An  extensometer  having  a 
magnification  of  about  150  times  (exactly  147  times)  was  used. 


10620 


5410  _ 


f,^E,L.-48200 
Juit  -66000 
Elong.  8=28,W 
Elong.  2-44.W 
Bed.Area=»59.Qs( 


SOFT  BESSEMER  MACHINERY  STOCK. 


yjHsnvUr.n.n: 


121 


100 


124 


124 


134 


.20 


155 


127 


123 


Fig.  90. 


and  two  of  the  diagrams  obtained,  together  with  the  results  of 
the  eight  tests  made,  are  here  recorded. 

In  Fig.   lU   herewith  the  scales  are  horizontally    1-17"  =  1" 
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stretch,  and  vertically  1"=  4,587  pounds.  The  irregularitj  is 
due  to  the  fact  that  the  weight  on  the  scale  beam  was  moved  by 
hand.  In  Fig.  95  the  scale  beam  was  first  set  at  4,420  pounds, 
and  the  load  applied  as  rapidly  as  in  Fig.  94.  When  the  scale 
beam  rose  the  machine  was  stopped  and  the  micrometers  were 
read.  The  scale  beam  was  then  set  at  the  next  load  and  the 
machine  started,  each  jog  in  the  diagram  showing  one  stoppage 
of  the  machine. 

While  it  is  true  that  a  few  experiments  may  mean  but  little, 
1  know  of  no  other  printed  data  covering  the  same  ground  and 
submit  these  results  which  show  that  in  thia  case  at  least  the 
stopping  of  the  machine  a  number  of  times  and  allowing  it  to 
remain  at  rest  long  enough  to  read  the  micrometers  did  not 
perceptibly  raise  the  yield  point. 

I  atta(»h  also  two  test  slioets,  one  from  soft  Bessemer  machinery 
stock.  Fig.  90,  and  one  from  open  hearth  common  spring  stock, 
Fig.  97,  showin.o^  that  before  and  after  the  machine  had  been 
stopped  there  has  been  in  these  two  cases  no  change  in  the  gen- 
eral direction  of  the  curve.  In  each  of  the  two  cases  the 
machine  was  stopped  twice  to  determine  the  scale  of  the 
diagrams. 
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ORDNANCE  FOR    THE   LAND  SERVICE. 

MAJOR  R.   BIRMIK,  OBDNANCV  DKPARTIIENT,  UNITED  BTATK8  ARMY. 

1.    The   development  of  the  modem  land  and  naval  ordnance 
in  the  United  States  is  of  comparative  recent  date,  and  is  a  sub- 
ject for  interesting  study  from  a  political  as  well  as  an  industrial 
and  mechanical  standpoint.     It  is  with  the  latter,  however,  that 
I  have  to  deal,  and  particularly  the  mechanical  features,  although 
such    is    their  diversity  that  an  outline  only  can  be  attempted. 
My  subject,  generally,  will  be  confined  to  a  brief  account  of  the 
l^rowth    of    the   present  land  armament,  the  uses  to  which   the 
^uns  and  their  accessories  are  applied,  and  to  some  discussion  of 
the  more   important  mechanical  principles  involved  in  their  con- 
j?tniction    in   connection  with  experiments. 

2.  There  are  two  general  divisions  of  artillery  for  land  service; 
first,  the  mohile  artillery  designed  for  field  and  siege  service, 
an<l  used  also  in  the  land  defense  of  sea-coast  forts,  or  generally 
for  offensive  operations,  in  which  the  weight  of  the  material 
coiiihine<l  with  the  specific  service  in  view  control  the  caliber  and 
<l«*^ifz:n ;  second,  the  artillery  on  fixed  mounts  as*  used  generally 
in  sea-coast  fortifications,  and  also  in  permanent  inland  defenses 
for  <l<»fensive  puri)08es,  in  which  the  caliber  and  design  are  not 
restricted  hv  weight  and  may  be  varied  to  subserve  only  the 
needs  of  defense. 

3.   The    different    types    of    artillery    are    classified    as    gims, 
howitzers   and    mortars.     Guns  are  used  for  direct  fire   with   a 
fiup€»rior  angle  of  elevation,  usually  limited  to  about  15  degrees. 
Thev   fire  a  single  weight  of  powder  charge  ^vith  the  object  of 
attaining     a     maximum    of    power.     Howitzers    are    pieces    of 
nu^Iiimi    length  and  velocity,  used  for  curved  fire  up  to  about 
45    degrees    elevation.     They   apply  generally   to   mobile   arma- 
ment for  field  and  siege  service,  and  by  reason  of  tlieir  relatively 

•  PiTSPnted  at  a  Special  Monthly  Meeting  in  New  York  (February.  1904)  of  the 
American  Society  of  Mechanical  Engineers,  and  forming  part  of  Volume  XXV.  of 
tbe  TVansaetions. 
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light  weight  as  compared  with  gims  can  be  made  of  larger  caliber 
and  use  a  heavier  projectile  than  a  gun  of  equal  manoeuvring 
capacity.  Tliis  advantage  and  their  supplemental  use  to  guns 
is  furtlier  obtained  by  ability  to  deliver  the  curved  fire  at  rela- 
tively short  range,  for  wliich  reduced  charges  may  be  used.  Mor- 
tars are  short  pieces  fired  witli  medium  or  low  velocity  and  used 
for  high  angle  fire  witli  elevations  up  to  about  70  degrees.  They 
require  a  fixed  platform,  and  their  utility  is  limited  to  siege  and 
s(»a-coast  emplacements.  Their  firing  angle  enables  complete  pro- 
tection to  be  given  them  in  their  emplacements  from  a  hostile 
gunfire.  The  projectile  carries  a  large  bursting  charge,  and  the 
angle  of  fall  enables  it  to  reach  the  most  vulnerable  parts  of 
targ(^ts  gen(»rally.  Tn  the  case  of  a  battleship  this  target  embraces 
not  only  the  relatively  thin-armored  deck,  reached  by  direct  im- 
pact, but  also  the  unprotected  hull,  reached  by  under-water  ex- 
]>losions.  To  cover  the  field  within  the  range  of  a  mortar 
different  p(>wd(»r  charges  and  elevations  are  employed,  giving  suc- 
cessive zones  of  fire. 

4.  The  following  tables,  w^hich  include  the  various  calibers  of 
standard  types  in  our  ser\'ice,  enable  a  more  comprehensive  view 
to  be  taken  of  the  diversity  of  types  included  in  a  complete  equip- 
ment and  how  they  are  employed.  All  of  these  are  rifled,  breech- 
loading  piec(»s,  made  of  sUnd  and  use  smokeless  powder,  except 
tli(*  model  1880  12-inch  mortar,  which  is  composed  of  a  cast-iron 
body  n^inforced  with  steel  hoops.  The  tables  omit  the  small  arm 
ritte  (*Hlil)er  (iatling  or  automatic  machine  guns  that  are  mounted 
on  tri])0(l  or  wheel  mounts  and  used  both  in  the  field  and  in  fortifi- 
cations for  combating  men  and  horses. 

5.  All  of  the  carriages  are  fitted  with  hydraulic  recoil  cylinders 
and  spring  return,  exce])t  the  3.G-inch  mortar  and  the  3.G-inch 
gun  field  carriage  which  is  of  older  pattern,  dating  from  1891. 
The  J5-inch  model  11>02,  with  long  recoil  of  gun  on  carriage,  is  of 
the  most  modern  type.  ^Modifications  of  the  existing  mobile  artil- 
lery now  in  progress  or  proposc^d  are  as  follows: 

(>.  Introduce  a  light  fic^ld  gun  to  operate  with  cavalry,  hanng 
a  caliber  2.»>8  inches,  weight  of  ])rojectile  7.5  pounds,  and  muzzle 
velocity  1,TOO  f.  s.,  and  a  3.8-inch  field  howitzer  of  the  same 
mobility  as  a  J5-inch  fii»ld  gun,  to  fire  a  30-pound  projectile, 

7.  Kliniinate  the  3.«)-inch  fiehl  gun,  5-inch  field  howitzer, 
r>-incli  siege  gun,  7-ineli  siege  howitzer,  and  substitute  therefor 
o.S-inch  rifles  firing  a  projectile  weighing  30  pounds,  and  4.7-inch 
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howitzers  of  the  same  mobility  tiring  a  projectile  weighing  60 
pounds;  also  4.7-ineh  rifle  firing  a  projectile  weighing  60  pounds, 
and  0-inch  howitzers  of  the  same  mobility  firing  a  projectile 
weighing  120  pounds. 

8.  This  plan  has  the  merit  of  consistency  in  that  the  weight? 
of  ])rojeetilcs  are  exactly  doubled  for  each  increase  of  caUber. 
It  would  appear  that  the  3.8-inch  howitzer  and  the  field  gtm  of 
the  same  caliber  are  relatively  the  least  essential  and  might  be 
omitted,  and  the  light  field  gun  would  be  improved  by  increa?- 
ing  the  caliber  and  the  weight  of  projectile  to  about  10  pounds, 
making  a  more  efficient  projectile  for  both  shell  and  shrapnel 
fire. 

(3  and  15  pounder  guns  to  give  3,000  f.  s.  initial  velocity  and 
a  G-incli  win^-wound  gun  to  give  3,500  or  3,600  f.  s.  velocity 
have  been  projected. 

9.  Th(»  diversity  of  ealibers  of  guns  is  remarkable,  indicating 
how  completely  (»very  phase  of  the  problem  of  attack  or  defense       j 
is  sought  to  be  covered.     When  we  examine  further  the  designs       | 
of  modern  guns,  of  the  carriages  and  mounts,  sometimes  ope^ 
ated  by  electricity,  the  projectiles,  fuses,  powders  and  high  ex- 
plosives, the  instruments  and  methods  employed  for  range  find- 
ing and  for  fire  control  and  direction,  it  is  apparent  how  complex 
the  science  of  ordnance  has  become.     Simplicity  of  means  and 
design  is    especially    desirable    in  the    military  service,  which 
re(juires  the  greatest  ])erfeetion  in  training  of  personnel.     More- 
over, the  material  is  through  necessity  generally  designed  with 
high  regard  for  eeononiy  in  weight  and  dimensions  and  withal 

is  sul)ject(Ml  to  most  severe  usage.  The  present  perio<l  is  marked 
by  a  strong  tendeney  to  iiiereascMl  complexity  and  exi>ense,  en- 
gendered by  the  rivalry  of  nations  and  made  possible  by  the 
advance  (»f  knowledge  in  nKH'hanical  appliances.  .  Experience 
has  taught  that  this  tendency  is  no  more  to  be  successfully  com- 
bated in  military  than  in  civil  progress,  and  we  must  employ  the 
c(mimon  medium  of  trial  to  seek  out  what  is  good  and  reject 
what  is  unsatisfactorv. 

Iliatarical  Sketch  of  Ike  Develojymcnt  of  De^igr^9  and  TirlaU  of 

Kj'2>er!m ental  MateriaJ, 

10.  It  is  to  l)e  remarked  that  tlie  efficiency  of  the  land  arma- 
ment existing  at  the  close  of  the  Civil  War  has  not  since  been 
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e<inalle(l  until  the  present  j)erio(l.  In  1860  the  artillery  of  1 
land  service  was  decerned  very  efficient.  It  comprised,  liowe\ 
only  muzzle-loading  guns,  and  the  introduction  of  rifling,  ^ 
its  accompanying  change  from  the  round  to  the  elongated  ] 
jectile  and  eonsecpient  increase  of  weight  of  projectile,  n 
and  power  generally,  had  not  then  reached  the  larger  calil 
The  princi])al  rifled  guns  were  the  3-inch  wrought-iron  field  i 
the  4.5-inch  cast-iron  siege  rifle  and  the  Parrott  10-pounder, 
pounder,  100-pounder,  200-pounder  and  3 00-pounder  rifles  n 
of  cast-iron  reinforced  wdth  a  coiled  and  welded  wrought- 
band  shrunk  over  the  breech.  Bronze  smooth-bore  guns  ' 
represented  in  the  Coehorn  mortar,  mountain  howitzers  and 
well-known  12-poimder  Xapoleon  field  gun.  Cast-iron  shk 
bores  constituted  the  remainder,  and  comprised  8-inch  hovsi 
and  8  and  10  inch  mortars  for  siege  equipment,  wdth  13  an 
inch  mortars  and  8,  10,  15  and  20  inch  Hodman  smooth- 
guns  for  sea-coast  armament.  The  carriages  were  of  simple 
tern.  Those*  for  field  guns  were  made  with  the  flasks  and  t 
of  wood,  and  those  for  the  sea-coast  gims,  which  were  mad 
iron,  comprised  principally  a  chassis  and  top  carriage, 
chassis  rested  upon  wheels  upon  traverse  circles  enabhng 
piece  to  be  moved  in  azimuth  by  hand  bars  inserted  in  socke 
the  traverse  wheels.  The  top  carriage  was  fitted  with  ecce 
wheels  at  the  front  to  provide"  rolling  friction  in  part  for 
ning  into  battery  and  sliding  friction  for  recoil.  Data  pei 
ing  to  some  representative  pieces  of  this  equipment  ai 
follows: 

Piece. 

5.82-inch  smootli  bore  mortar 5        17.75 46 

3-inch  rifle  (Parrott) 1.0        10.5        1282  20 

4. 2- inch  rifle  (Parrott) 8.5        80.  1298  26 

6.4-inch  rifle  (Parrott) 10.  100.  1800  85 

13-incli  smooth  bore  mortar 20.  228 46 

20-inch  smooth  boro  gun  (Rodman) 200.  1080 25 

11.  The  magnitude  of  the  armament  existing  at  that  time 
be  inferred  from  th(^  statement  that  the  number  of  Ro 
smootli-bore  ciins  available  was  about  425-S-inch,  1,000  IC 
305  ir)-ineh  and  2  2()-ineh  guns. 

12.  (J real  merit  was  attached  to  the  heavy,  smooth-bore 
for  their  "  "  racking  ' '  efFect^  even    after  the    introductic 
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)n  ships.  Nevertheless,  the  advantage  of  elongated  pro- 
with  their  "  punching  "  effect  was  recognized,  and  8  and 
cast-iron  rifles  were  made  for  trial  as  early  as  1861. 
'he  period  of  20  ye«rs  from  1866  to  1886  was  marked  by 
poduction  of  breech-loading  in  place  of  muzzle-loading 
id  the  gradual  substitution,  first,  of  wrought-iron,  and 
rds,  of  steel  for  cast-iron  in  their  construction.  This 
nay  well  be  styled  experimental  in  this  country,  except 
resulted  in  the  production  of  some  210  8-inch  muzzle- 
rifles  converted  from  10-inch  Rodman  smooth-bore  guns 
ig  them  with  wrought-iron  or  steel  tubes  and  a  number 
nch  steel  breech-loading  field  guns.  The  8-inch  con- 
•ifle  served  a  temporary  purpose,  but  the  steel  field-gun, 
metal  carriage  (Appendix  26,  Report  of  1887)  using  bow 
wheel  brakes  to  restrain  the  recoil  on  firing,  has  with 
odifications  given  good  service  even  as  late  as  the  Chinese 
ion  of- 1900.  It  is  now  to  be  replaced,  however,  by  a 
ing  gun  with  long  recoil  carriage,  model  1902.  During 
iod  the  total  amount  expended  by  the  Ordnance  Depart- 

include  the  first  cost  of  experimental  guns  and  of  those 
I  for  service,  amounted  to  somewhat  less  than  $1,500,000. 
latisfied  apparently  by  the  existing  armament  of  1866, 
(»etion  witli  the  reaction  from  the  expense  of  the  Civil 

was  not  until  1872  that    Congress    made    provision  to 

a  revision  of  the  armament,  wlien  the  so-called  Heavy 
>ar(l  was  appointed.  The  continued  agitation  of  the  sub- 
y  be  inferred  in  noting  that  tlie  (Jetty  Board  was  ap- 

by  act  of  Congress,  approved  March  3,  1881;  the  Gun 
v  lk)ard  by  act  of  Congress  March  3,  1883;  the  Arma- 
oard  bv  act  of  Julv  5,  1884;  and  finallv  tlie  Endicott 
)y  act  of  ilarch  3,  1885.  During  the  same  time  there 
ports  from  the  special  Senate  committee.  Senator  Logan 
n,  appointed  August  2,  1882;  the  Senate  select  com- 
on  ordnance  and  warslii])s,  Senator  Ilawley  chainnan, 
[»d  July  3,  1884;  and  a  similar  House  committee,  with 
idall  chairman,  July  6,  1S84.  The  Endicott  Board  com- 
ts  labors  in  1886,  submitting  a  scheme  of  sea-coast  arma- 
hich  was  virtually  ado])ted  by  Congress  in  the  Fortifica- 
t  of  September  22,  1888,  and  while  modified  from  time 
as  occasion  required,  is  still  being  carried  out.  At  this 
Fter   a  long  contest  before  the  committees  of  Congress 
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with  the  advocates  of  different  systems,  including  the  u 
cast-iron,  it  had  been  demonstrated  that  the  built-up  forge< 
gun  recommended  by  the  Ordnance  Department  could  be 
upon. 

15.  A  somewhat  extended  description  of  the  experu 
guns  of  this  period  and  their  trials  is  contained  in  a  pape 
before  the  military  service  institution  at  Governor's  ] 
November  26,  1887,  and  brief  reference  only  will  be  m 
them  here.  The  Heavv  Gun  Board  of  1872  selected  nh 
tems  for  trial,  to  wit: 

16.  Muzzle-loading  guns:  (1)  Dr.  W.  E.  Woodbridg 
Alonzo  Hitchcock;  (8)  Cast-iron  gims  lined  with  \vroug 
or  steel  tubes. 

17.  Breech-loading  guns:  (1)  Frederick  Krupp;  (2)  E.  1 
diffe;  (8)  Nathan  Thompson;  (4)  French  and  Swedish  sys 

18.  ^liscellaneous:  (1)  H.  F.  Mann;  (2)  Lyman  multi 
gun. 

19.  The  Fortifications  Bill  of  1883,  embodying  the 
mendations  of  the  Senate  ordnance  committee  and  the 
Board,  authorized  the  continuation  of  the  conversion  of  ! 
smooth-bores  into  8-inch  muzzle-loading  rifles,  and  in  a 
the  trial  of  five  different  systems  of  gun  construction  ai 
types  of  breech  mechanism,  as  follows: 

20.  Built-up   forged    steel   breech-loading   rifles   with 
screw  breech  closure. 

21.  Cast-iron  breech-loading  rifles. 

22.  (\>mbined  cast-iron  and  steel  built-up  breech-loadin 
and  rifled  mortars  of  the  same  system  with  slotted  screw 
closure. 

28.   Wire-wound  breech-loading  rifles. 

24.  The  iniilti-c*harge  gun. 

25.  The  Maim  breech  mechanism. 

26.  The  Yates  breech  mechanism. 

27.  During  the  j)eri(xl  1878  to  1882  trials  were  also  v 
Sandy  Hook  Proving  (iround,  with  breech-loading  field  gi 
\\io  l)(»an  8.r)-inch  mandroled  bronze  gun.  The  Dean  g 
produced  in  1S77.  It  was  subjected  to  a  firing  test  which 
as  it  went,  proved  the  good  quality  of  the  material,  but  i 
muzzle-loading  gam  rnadi*  after  a  design  already  out  of  d 
gave  inferior  ballistic  results.  This  system  has  been  exti 
used  in  Austria,  as  proposed  by  (Jeneral  Uchatius,  for  fi 
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iege  guns,  but  was  not  successful  in  larger  calibers.  The 
)ading  field  guns  that  were  tested  included  the  SutclifTe, 
ind  Krupp  breech  mechanism.  Preference  was  found 
tests  for  the  Krupp  mechanism,  but  subsequent  tests  led 
nal  adoption  in  our  sendee  of  the  slotted  screw  breech 
sm. 

he  gun  proposed  by  Alonzo  Hitchcock  was  a  9-inch 
)ading  rifle  designed  to  be  made  by  butt  welding  disks 
3s  of  wrought-iron  and  forming  a  solid  piece  to  be  bored 
the  gun.  After  nearly  three  years  of  labor  the  project 
idoncd  as  being  too  difficult  and  costly,  if  not  imprac- 
;o  be  fulfilled. 

he  Sutcliffe  and  Thompson  guns  were  cast-iron  breech- 
rifles  of  9  to  12  inches  caliber.  There  is  a  general  sim- 
1  their  breech  mechanism  in  that  the  block  is  rolled  to 
for  inserting  the  charge.  The  Sutcliffe  gun  was  fired 
rounds  and  the  Thompson  2  roimds,  when  the  guns  were 
the  Philadelphia  Centennial  Exposition  and  not  after- 
jsted. 

he  principal  feature  of  the  multicharge  gim  consi&ts  in 

the  accelerating  principle  for  the  action  of  the  powder 

?  projectile.     This  is  sought  to  be  obtained  by  having  a 

powder  charges  placed  in  pockets  at  intervals  along  the 

ar  the  breech  wliicli  are  ignited  by  the  inflamed  gases 

►reeeh  charge  following  up  the  passage  of  the  projectile 

opening  of  eacli  powder  pocket  into  the  bore.     The  gun 

onted  by  A.   S.  Lyman,  who,  in  connection  with  J.  R. 

,  began  experimenting   to   test   tlie   system  about   1856. 

f   2J-inch,    6-ineh   and    8-inch   calil)er   have   been   tested. 

:  test  was  that  of  the  8-inch  steel  gun,  with  one  breech 

>  aiLxiliary  powder  chambers,   at   Sandy  Hook  in   1897. 

second  round  the  metal  ])etween  the  forward  chamber 

bore  was  crushed  in,  due  prol)ably  to  premature  ignition 

powder  charge  in  that  p(x*ket  by  passage  of  the  gas  in 

of  the  projectile, 
'he  principle  involved  in  the  Alann  breech  mechanism  is 
pletely  separate  the  longitudinal  from  the  tangential 
due  to  firing  a  gim.  This  is  accomplished  by  making  the 
f>f  the  gun  separate  from  the  gun  bo<ly  and  connecting  it 
y  side  straps  with  the  trunnion  supports  on  the  carriage, 
calibers  of  this  enin  were  tested  between  1862  and  1884. 
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The  last  occasion  was  a  6.5-incli  gun,  fired  at  Sandy  Hook  in 
1884,  which  was  burst  at  the  24th  round. 

32.  The  Yates  breech  mechanism  comprises  a  couple  of  con- 
cave clamps  which  open  outwards  from  the  breech,  and  when 
closed  embrace  the  breech  of  the  gun  exteriorly  and  support  i 
solid  head  gas  check  or  cartridge  case  for  sealing  the  escape  of 
gas.  The  8-inch  rifle  was  tested  at  Sandy  Hook,  1885-6.  The 
gun  was  fired  in  all  312  rounds,  when  it  was  destroyed  by  burst- 
ing through  the  body. 

Cast-Iron  Rifles. 

33.  In  company  with  the  manufacture  of  the  Rodman  smooth- 
bore gim  the  manufacture  of  cast-iron  in  this  country  w« 
brought  to  a  high  state  of  perfection  and  exhaustive  attempta 
were  made  to  utilize  this  metal  in  the  construction  of  heavy 
rifled  guns.  Seven  muzzle-loading  castriron  Rodman  rifles  of  8, 
10  and  12  inch  caliber  were  produced  between  1861  and  1869. 
When,  however,  the  12-incli  rifle  of  1868  was  burst  at  the  27th 
round,  in  1871,  the  Ordnance  Department  reconunended  that  no 
cast-iron  rifles  be  made  for  service.  Efforts  were  not,  however, 
relinquished  from  other  sources.  Mr.  Norman  Wiard,  in  the 
Xut  Island  experim(»nts,  1873  to  1875,  attempted  to  show  th< 
utility  of  cast-iron  rifles  using  mitten  or  subcaliber  projectilei 
but  ^\dthout  any  r(»asonable  success.  Congress  subsequently  re^ 
quired  the  manufa(»ture  of  a  12-inch  cast-iron  breech-loadinj 
rifle  in  1883.  Jt  was  made  with  28  calibers  length  of  bore  aw 
gave  a  muzzle  velocity  of  about  1,750  f .  s.  with  800-pound  pro 
jectile,  corresponding  to  17,000  foot  tons  muzzle  energy.  Afte 
firing  137  rounds  the  trials  were  suspended,  due  to  the  erosio 
of  the  bore  which  increased  rapidly  toward  the  end  of  the  t€i 
and  became  so  serious  as  to  lead  to  the  conclusion  that  it  woul 
be  unsafe  to  continue  the  firing.  Again,  in  1889,  pursuant  ' 
act  of  Congress,  September  22,  1888,  the  South  Boston  Ir< 
AVorks  submitted  a  12-inch  cast-iron  rifled  mortar,  which  bui 
explosively  on  trial  at  the  20th  round. 

Converted  Guns. 

34.  A  quantity  of  serviceable  muzzle-loading  guns  dati 
from  1874,  although  of  low  power,  were  produced  by  lining  1 
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Rodman  smooth-bore  guns  first  with  coiled  and  welded  wrought- 
iron  and  later  w4th  steel  tubes.  In  addition  to  the  muzzle-load- 
ing guns,  several  calibres  of  converted  breech-loading  guns  were 
constnicted  and  tested,  but  without  ultimate  success.  In  this 
design  a  jacket  made  of  a  heavy  steel  piece  was  screwed  into  the 
breech  of  a  smooth-bore  gun  and  adapted  to  receive  the  Krupp 
breech  mechanism.  The  steel  forgings  for  these  alterations 
were  procured  in  England,  and  chiefly  due  to  the  poor  quality 
of  the  steel  the  plans  were  abandoned.  This  occasioned  an  un- 
favorable opinion  regarding  the  use  of  steel  in  gun  construction. 
It  was  diflScult  for  some  years  afterwards  to  convince  the  doubt- 
ers that  there  was  taking  place  a  great  improvement  in  the  qual- 
ity of  steel  for  gims  gained  by  knowledge  and  experience  in  its 
manufacture.  It  was  equally  unfortunate  for  the  Krupp  breech 
mechanism  that  its  first  application  to  large  guns  in  this  country 
was  made  in  this  connection.  The  slotted  screw  mechanism  was 
applied  to  the  subsequent  experimental  guns  and  became  the 
established  tx'pe  in  our  service. 

Combined  Cast-Iron  and  Steel  Guns  and  Mortars. 

35.  This   method   of   construction,    authorized   in    1883,    was 
practically  forestalled  by  the  advance  in  steel  manufacture  be- 
fore the  experimental  pieces  were  completed  and  tested.     Four 
experimental    types  were  made,  including    two  12-inch  breech- 
loading  rifles   and   one   muzzle-loading   and   one   breech-loading 
mortar.     One  of  the  rifles  comprised  a  cast-iron  body  lined  for 
alwut  one-half  the  length  of  the  bore  with  a  steel  tube  inserted 
from  the  breech.     The  second  rifle,  in  addition  to  the  half-tube 
lining,  was  reinforced  by  a  double  row  of  steel  hooping  on  the 
cast-iron  body,  extending  from  the  breech  to  a  distance  forward 
of  the  trunnion  band.    The  two  12-inch  rifled  mortars  were  made 
rirh  a  cast-iron  body  reinforced  by  a  double  row  of  steel  hooping. 
)f  these    types   the   breech-loading   mortar    only   survived    for 
en-ice  construction,  but  gave  place  to  the  all-steel  mortar  in  the 
lodel  of   1890.      The  hooped  gims  and    mortars  of  this  type 
ceniplifiod    the    built-up    construction    by    shrinkage    and    the 
ineiples  of  this  method  were  carefully  applied  in  making  them, 
le  manufacture  of  the  12-inch  hooped  rifle  was  preceded  by  an 
periiiiental  construction  embodying  a  complete  section  of  the 
Q  through  the  powder  chamber;  that  is,  a  compound  cylinder 
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forming  a  counterpart  of  the  gun  section.  The  section  of  c 
iron  cylinder  used  in  this  trial  was  cut  from  the  body  of  the  j 
easting  and  the  steel  parts  were  of  similar  material  to  the  fi 
ings  made  for  the  gun.  The  objects  accomplished  by  this  m( 
wore  the  verification  of  the  shrinkages  calculated  for  the 
and  a  practical  test  of  the  metals  on  the  same  scale  as  the 
itself. 

Caat'Steel  Gnns, 

3(>.  Trials  of  cast-steel  gims  were  authorized  by  the  ac 
Alarcli  3,  1887,  and  two  gims  of  G-inch  calibre  were  proci 
and  tested  bv  the  Xavy  Department.  One  was  made  of 
semer  steel  by  the  Pittsburg  Steel  Casting  Company,  and 
otlier  of  open-hearth  steel  by  the  Standard  Steel  Casting  ( 
pany.  The  processes  of  treatment  of  the  castings  were  W 
the  hands  of  the  manufacturers  and  have  not  been  publis 
It  is  imderstood  that  both  gims  were  cast  solid  and  that 
BesseiiK^r  casting,  after  liaving  been  bored  out,  was  subjecte 
a  process  of  heating  combined  with  interior  cooling  to  pro* 
a  certain  degree  of  initial  tension,  but  the  effect  of  this  treati 
lias  not  been  ascertained.  The  open-hearth  casting  is  beU 
to  have  been  simply  annc^aled.  In  the  firing  tests,  which  ' 
made  first  with  reduced  charge  and  then  mth  the  normal  ch 
for  guns  of  this  caliber,  the  Bessemer  gun  burst  explosive] 
the  second  round.  The  open-hearth  gun  was  unduly  enla 
after  firing  twelve  rounds.  The  strength  of  these  guns  wa 
siifKcient  for  the  powdi»r  pressure,  which  amounted  to  a 
fifteen  tons  per  square  inch.  Specimen  tests  of  the  Beaai 
steel  gave  an  ehisti(*  limit  varying  from  43,000  to  55,000  poi 
and  of  the  opcMi-hearth  steel  from  30,000  to  40,000  pounds. 
the  usual  hasis  of  estimate  for  strength  of  gun  cylinders 
open-hearth  gnu  might  have  supported  with  safety  repc 
])owder  j)ressnre  not  exceeding  about  ten  tons. 

37.  Another  cast-steed  gun,  of  S-inch  calibre,  proposed  bj 
well  known  and  esteemed  inventor.  Dr.  Gatling,  was  proc 
pursuant  to  act  of  Congress,  June  6,  1896,  and  tested  in  1 
In  the  construction  of  this  gun  it  was  attempted  to  pro 
initial  tension  by  mandreling  the  bore  while  hot.  On  trial 
gun  l)urst  (^xj>losively  at  the  fifteenth  round,  after  being  siibp 
to  pressures  not  exceeding  about  41,000  pounds.  One  of 
broken    fragments,    comprising    half   of    the    powder   chau 
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howed  along  the  ruptured  surface  three  cavities  extending  from 
•ne  to  four  inches  into  the  body  of  the  metal. 

38.  The  Bofors  Company,  in  Sweden,  makes  guns  of  cast-steel 
f  a  first  rate  quality.  It  must  be  understood,  however,  that 
bese  guns  are  made  with  tube,  jacket  and  hoops  on  built-up 
rinciple  and  the  separate  parts  are  nickel  steel  castings  treated 
)  improve  their  quality  in  essentially  the  same  manner  as  the 
)rgiDgs  used  for  other  eteel  guns. 

Wire  Wound  Guns. 

39.  The  modem  wire-wound  gun  is  a  worthy  rival  of  the  built- 
p  forged  steel  gun.  The  same  principles  are  employed  in  the 
mstruction  of  both.  Dr.  W.  E.  Woodbridge  presented  the  first 
Ian  for  a  wire-wound  gun  in  1850,  when  a  2.5-inch  gun  was 
lade  and  tested.  Three  additional  Woodbridge  guns,  of  10- 
ich  cahber,  have  also  been  tested.  The  first,  proposed  in  1872, 
as  a  muzzle-loader  comprising  a  thin  steel  tube  wound  with 
ire  and  subsequently  dipped  as  a  whole  into  molten  solder  to 
11  the  interstices  between  the  wires  and  consolidate  the  struc- 
ire.  This  gun  on  trial  was  ruptured  longitudinally  after  a  lim- 
ed number  of  round-s.  The  second  10-inch  rifle  was  a  breech- 
)aJer  made  of  a  cast-iron  body  wrapped  with  steel  wire.  The 
Mt  was  concluded  in  1892  after  firing  161  rounds.  In  common 
nth  other  cast-iron  bores  it  suffered  great  erosion  and  was  laid 
I  A.  The  third  was  a  steel  10-inch  breech-loading  rifle  with  a 
'teel  tube,  a  steel  jacket  of  cold  rolled  bars  or  staves  made  to 
form  a  cylinder  fitting  the  tube  over  about  one-half  its  length 
iTom  the  breech  and  steel  wire  wound  over  the  jacket.  The  test 
<>f  this  gim,  in  1894,  produced  four  serious  longitudinal  cracks 
>n  the  bore  of  the  tube  after  firing  23  rounds.  These  cracks 
vere  generally  developed  in  straight  lines  following  the  joints  of 
tW  enveloping  stave  cylinder. 

^'  The  Brown  segmental  wire  gim  is  still  on  trial.  This  con- 
^*t8  essentially  of  a  steel  tube  enveloped  by  a  segmental  jacket 
^hich  is  \\Tapped  on  the  outside  with  steel  wire.  Two  guns  of 
'♦•inch  caliber  have  been  tested;  one  by  firing  192  rounds,  in 
^^W,and  the  other  300  rounds,  in  1899.  Tn  the  first  of  these 
P^^  the  segmental  jacket  was  formed  by  twelve  wedge-shaped 
^^^es  forming  a  cylinder  around  the  tube  or  liner  but  the  latter 
•"xtmled  from  the  breech  to  a  distance  in  front  of  the  powder 
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chamber  only,  leaving  the  forward  portion  of  the  bon 
formed  by  the  segmental  cylinder.  In  the  second  ( 
wedge-shaped  segments  are  replaced  by  curved  segment 
ing  the  segmental  tube  and  the  lining  tube  extends  thr< 
the  length  of  the  bore.  The  latter  construction  is  also 
the  10-inch  breech-loading  rifle  now  at  the  proving  groi 
is  understood  that  the  company  has  undertaken  to  sul 
trial  a  6-inch  gim  designed  to  give  a  muzzle  velocity  o 
f.  s.  with  100-j)ound  projectile. 

41.  The  Crozier  10-inch  wire-wound  gun  consists  esi 
of  a  cylindrical  tube  of  the  usual  type  wrapped  throng 
length  with  steel  wire  and  an  outside  jacket  utilized  to 
the  breech  block  and  the  gun  in  mounting.  This  gun  wa 
by  firing  275  rounds,  and  reconunended  in  1896 — ^pa. 
report  of  18J)6 — by  the  testing  board  as  a  suitable  ^ 
service.  The  construction  of  a  6-inch  gun  on  the  same 
plan,  which  may  be  developed  to  give  a  muzzle  velocity  c 
f.  8.,  has  been  recently  undertaken. 

Types  of  Gun,  Carriages. 

42.  The  development  of  types  of  gun  carriages  follo\« 
of  the  guns.  The  first  improved  type  of  metal  field  < 
with  bow  spring  brakes  was  planned  by  lieutenant-Colone 
BufRngton,  of  the  Ordnance  Department,  who  installed 
on  an  (economical  basis  for  its  manufacture  at  Springfi 
mory,  Massachusett;s,  in  1887.  This  type  is  now  being  i 
by  the  long  recoil,  model  of  1002. 

48.  The  y)resent  model  of  5-inch  siege  carriage  dati 
1806.  It  is  a  wheeled  carriage  with  the  gun  mounted  ri 
the  trunnion  beds  at  a  height  sufKcient  to  fire  over  a  hij 
pet.  In  firing,  the  carriage  is  anchored  to  a  pintle  on  tl 
platform  bv  means  of  an  hvdraulic  cvlinder  that  abso 

It.  CI.' 

recoil.  "Wedges  are  also  placed  behind  the  wheels.  A 
is  used  with  the  carriage  for  travelling  and  the  gim  is  sh 
the  travelling  beds  to  distrilmte  the  weight  on  the  four 
This  type  of  gun  and  carriage,  with  45-pound  projectile, 
repla(*ed  by  one  of  4.7-inch  caliber,  with  60-pound  pi 
the  carriage  for  which  will  provide  for  long  recoil  gun 
riage  to  give  the  same  steadiness  in  firing  as  the  model  IS 
gun. 
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44.  The  present  7-inch  siege  howitzer  carriage,  model  1899, 
ipepsedes  the  first  model  of  1890.  The  height  of  axis  of  piece 
1  firing  position  is  reduced  in  the  later  model  and  the  carriage 
ade  about  1,000  pounds  lighter,  with  simpler  construction, 
iproved  sights  and  brakes  and  improved  means  for  shifting  the 
ece  for  travelling.  The  general  arrangement  of  the  recoil 
stem  is  the  same  as  in  the  original  carriage.  This  was  de- 
fied by  Captain  William  Crozier,  Ordnance  Department 
lOtes  on  Construction  of  Ordnance  No.  57,  January  12,  1891), 
troducing  the  novel  feature  at  that  time  of  recoil  of  piece  on 
Triage  for  mobile  artillery.  The  piece  is  restrained  on  the 
rriage  by  a  pair  of  hydraulic  recoil  cylinders  and  counter  recoil 
irings  in  addition  to  the  hydraulic  cylinder  anchored  to  the 
ntle  of  the  platform. 

45.  The  3.6-inch  mortar  carriage  dating  from  1890  is  a  simple 
gid  type  fired  from  a  small  wooden  platform.  To  avoid  over- 
iming  the  carriage  when  fired  with  full  charges  at  the  lower 
evations,  it  is  necessary  to  anchor  it  with  a  rope  attached  to 
le  front  of  the  checks  and  fastened  to  some  anchorage  such  as 
strong  state  driven  into  the  ground.  The  first  model  of  7-inch 
lortar  carriage  dates  from  1892  but  has  been  since  improved 
nd  modified.  The  piece  is  restrained  in  recoil  by  a  pair  of 
ydraulic  cylinders  and  is  returned  to  the  firing  position  by 
oiinter  recoil  springs.  Clip  circles  are  attached  to  the  wooden 
latform  to  permit  of  traversing  about  a  fixed  position  by  means 
fa  hand  bar  engaging  in  the  teeth  of  a  rack  cut  in  tSe  rear  clip 
irde. 

46.  The  carriages  for  rapid  fire  gims  of  the  sea-coast  arma- 
ment, which  include  the  gims  up  to  6-inch  caliber,  are  of  bar- 
^tte  and  pedestal  type,  excepting  the  6-pounder  and  also  the 
Wnch  gims  on  disappearing  carriages.  A  part  of  the  15- 
ponnder  and  5-inch  rapid  fire  guns  have  the  so-called  balanced 
pillar  mount  which  enables  the  gun  to  be  lowered  behind  the 
Ptrapet  when  not  in  action  and  concealing  it  from  view  of  the 
^nemy.  When  raised  to  the  firing  position,  however,  and  during 
w  whole  period  of  action  the  protection  is  no  greater  than  the 
ordinary  barbette  mounting. 

4j.  The  6-pounder  carriage  is  a  wheeled  mount  designed  in 
l^W  for  the  double  purpose  to  use  in  a  fixed  position,  with 
■nohorage  behind  a  parapet,  and  for  moving  into  the  open  for 
^g  upon  landing  parties.     The  piece  has  a   short   recoil  of 
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gun  on  carriage  and  is  unsteady  in  firing  even  when  firmly  i 
chored.     In   future   construction   the    6-pounder   guns  will 
given  a  pedestal  mount.     The   15-pounder  rapid  fire  gun  c 
riages  have  been  materially  modified  since  the  early  type 
1897.     The  balanced  pillar  construction  then  adopted  for  t 
caliber  as  well  as  for  5-inch  rapid  fire  guns  is  expensive 
found  not  to  be  as  satisfactory  in  operation  as  desired.    A  fi 
pedestal  mount  was  substituted  later.     The  model  of  1902 
pounder  carriage  embodies  the  latest  improvements  inelud 
particularly  gearing  for  controlling  the  traverse  of  the  gun 
improved  arrangements  of  the  telescopic  sight  mounting. 

48.  The  first  6-inch  rapid  fire  guns  were  mounted  on  a  Buff 
ton-Crozier  disapj)earing  carriage,  model  1898.  In  1900 
improved  model  of  barbette  carriage,  \vith  curved  shield, 
designed  as  a  type  for  5-inch  and  6-inch  rapid  fire  guns  on  1 
bette  mounts.  A  number  of  these  carriages  are  now  under  ( 
struction.  Later  a  decision  was  reached  to  restore  the  di 
pearing  mount  to  the  6-inch  gim  and  it  has  been  urged  ak 
likewise  mount  the  5-inch  guns  in  future  to  afford  the  1 
protection  to  the  gun  and  mount  and  also  to  the  filing  part; 


Sea-coast  Barbette  Carriages. 

49.  A  limited  number  of  the  heavier  sea-coast  guns 
mounted  upon  op(^n  barbette  carriages,  designed  to  be  ultimai 
protected  by  front  shields  as  in  the  case  of  the  rapid  fire  g 
on  barbette  mounts.  The  types  of  heavy  barbette  carrii 
include  the  8-inch  model  1892,  10-inch  model  1893  and  12-i 
model  1892,  which  are  similar  in  their  main  features  and 
upon  the  "  gravity  return  "  principle.  The  rails  of  the  clu 
are  inclined  upward  to  the  rear  and  the  top  carriage  carrying 
gun  is  mounted  thereon  with  rollers.  The  recoil  is  absorbed 
hydraulic  recoil  cylinders  and  the  top  carriage  returns  to 
firing  position  by  rolling  down  the  inclined  rails  of  the  chi 
under  the  action  of  gravity.  The  loading  arrangements 
these  carriages,  particularly  the  chain  shot  hoist,  are  slow 
cumbersoHK*.  The  carriages  are  geared  for  ready  hand  pc 
control  in  traversing  and  elevation. 
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Sea-coast  Casemate  Carriage. 

50.  A  12-inch  minimum  port  casemate  carriage  was  ordered 
from  Grusonwork,  Germany,  1892,  and  tested  at  the  Sandy 
Hook  Proving  Ground  (Appendix  26,  Report  of  1895).  The 
manoeuvring  of  this  carriage  is  controlled  in  large  part  by 
hydraulic  machinery,  the  pressure  for  which  is  taken  from  an 
accumulator  fed  by  a  hand  pumping  apparatus  supplied  by  six 
pumps  served  by  twelve  men.  A  steam  pump  may  be  sub- 
stituted for  the  hand  power.  The  carriage  fulfilled  the  con- 
ditions of  the  trial  and  was  accepted  as  a  type  suitable  for  service. 
It  can  be  adapted  for  guns  of  8,  10  or  12  inch  caliber.  How- 
ever, no  call  has  been  made  for  this  type  of  mounting  for  guns 
in  our  service  since  no  armored  casemate  forts  have  been  erected. 

Mortar  Carriages, 

51.  12-inch  mortar  carriages  were  amongst  the  first  to  be  fur- 
nished in  quantity  with  the  new  armament.     Two  type  carriages 
were  ordered  in   1890,   one  from  Easton  &   Anderson,   of  the 
liaskazoflF  spring  return  pattern,  and  the  other  from  Whitworth, 
<^f  the  Canet  pattern.     The  Easton  &  Anderson  carriage  com- 
bined hydraulic  recoil  cylinders  with  two  piles  of  Belville  springs 
t«»  return  the  piece  to  the  firing  position.     The  carriage  was  ac- 
cepted, witli  modifications,  as  a  type  in  1891  and  eighty-five  of 
them  have  been  manufactured  for  service.    Considerable  diflScultv 
^u  met  in  manufacturing  the  Belville  springs,  and  although  this 
^^»  overcome  by  careful  investigation  and  tests  made  with  the 
Emory  testing  machine  at   Watertown   Arsenal,   it  was  finally 
determined  to  use  coiled  springs  in  place  of  the  Belville. 

52.  The  Canet  carriage  comprised  hydraulic  cylinders  with 
requisite  throttling  arrangement  to  check  the  recoil  and  a  re- 
operator  holding  compressed  air  under  an  initial  pressure  of 
ibont  900  pounds  pej  square  inch  to  return  the  piece  to  the 
ring  position.  The  leakage  of  air  from  the  recuperator  during 
le  trial  was  comparatively  slight.  The  manoeuvring,  however, 
!8  slow  and  the  general  results  of  the  trial  failed  to  recommend 
e  t%7>e  for  service. 

53.   The  present  type  of  12-inch  mortar  carriage,  model  1896, 
which  about  300  have  been  provided,  was  designed  by  Captain 

B.   Oordon,  Ordnance  Department,  U.  S.  A.     The  first  car- 
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riagc  was  made  at  the  West  Point  foundry,  Cold  Spring,  New 
York,  in  1895,  and  after  trial  was  adopted  with  the  minor  mofi- 
fications  shown  to  be  necessary.  In  this  carriage  the  recoil  is 
checked  by  hydraulic  cylinders  and  the  piece  returned  to  tie 
firing  position  by  springs  compressed  during  recoiL  A  nmnbei 
of  double  coil  spiral  springs  are  placed  under  the  saddle  that  sup 
ports  the  piece  at  a  point  about  one-third  its  length  from  th( 
pivot  connection  of  the  saddle  with  the  racer  of  the  carriage 
The  recoil  is  checked  by  two  hydraulic  cylinders  with  return  pas 
sage.  The  cylinders  are  trunnioned  and  hung  in  brackets  bolte 
to  the  upper  surface  of  the  racer,  one  on  each  side  of  the  cai 
riage.  The  lower  ends  of  the  cylinders  are  connected  by  a 
equalizing  pipe.  The  carriage  is  geared  for  traversing  and  elevi 
tion  by  hand  power.  Recent  modifications  of  this  carriage  ha^ 
been  found  necessary  to  strengthen  the  racer  and  other  parts  I 
support  the  strain  due  to  the  use  of  full  charges  of  smokelei 
powder.  Improved  quadrants  for  giving  elevations  are  all 
under  trial. 

Gun  Lift  Carriages. 

54.  The  firf^t  form  of  disappearing  carriage  to  be  adopted  i 
the  service  is  the  gun  lift  carriage,  which  is  used  in  the  emplac 
ments  of  sjiecial  construction.  The  gun  and  carriage  comple 
are  lowered  in  a  shaft  and  completely  concealed  in  the  loadii 
position,  the  loading  being  done  through  a  gallery  oppoai 
which  the  breech  of  the  gun  stands  when  lowered.  The  pow 
for  raising  and  lowering  is  furnished  by  hydraulic  apparatus  co 
nected  with  an  accumulator.  The  carriage  proper  differs  b 
little  from  the  gravity  return  barbette  carriages,  excepting  i 
automatic  arrangement  of  the  recoil  cylinders  to  retain  the  g 
in  the  retractcHl  pr)sition  for  lowering  into  the  shaft  and  loadii 
The  expense  for  installation  and  maintenance  of  the  gun  lift  b 
tery,  the  slow  rate  of  fire  of  the  gims  and  the  later  adoption 
the  disappearing  carriage  has  led  to  a  very  limited  installati 
of  the  gim  lift  carriage  prop(»r.  A  few  altered  gun  lift  carriaj 
have  been  mounted  in  ordinary  barbette  emplacements. 

Disaj^pear'mg  Carriages. 

55.  The  following  disappearing  carriages  were  made  \ 
tested  prior  to  or  concurrent  with  the  present  adopted  types 
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Qgton-Crozier  carriage  for  6,  8,  10  and  12  inch  high  power 
)ast  guns,  namely: 

Pneumatic  lO-incli  carriage,  Ist  pattern,  produced  in  1891 

2nd  "  "         "  1899. 

Gordon             "             "        Ist  "  **         "  1892. 

2nd  "  "         "  1894. 

Howell             "             "  MM  1393 

e  first  pneumatic  carriage  was  furnished  under  specifica- 

calling  for  the  piece  to  be  raised  to  the  firing  position,  its 

controlled,  the  carriage  traversed  and  the  charge  raised 

oaded  in  the  gun  by  compressed  air  power.     Also  to  pro- 

a  hand  pump  capable  of  charging  the  recoil  cylinders  so 

iteam  power  might  be  dispensed  with,  and  to  provide  means 

raversing,  elevating  and  loading  the  piece  by  hand  power. 

carriage  fulfilled  the  tests  prescribed  for  acceptance,  but 

owness  in  operating  by  hand  power  and  general  perform- 

coupled  wdth  the  extent  of  steam  plant  required,  failed 

inraend  it  as  a  service  type.     The  second  carriage  failed  to 

the  tests  for  acceptance. 

.  Tlie  first  Gordon  10-inch  carriage  comprised  essentially 
ivy  In^d  plate  supporting  two  side  frames  with  a  pivot  plate 
ned  under  the  bed  plate;  the  whole  resting  upon  a  traverse 
?,  for  the  substructure.  The  top  carriage  carrying  the  gun 
tachod  to  the  inner  ends  of  two  double  crank  arms  on  each 
jonrnaled  through  the  •  side  frames  and  carrying  heavy 
terpoise  plates  outside  of  the  frame.  In  recoil  the  crank 
1  revolve  180  degrees,  the  gun  being  lowered  at  the  same 
that  the  weights  are  raised  by  revolution  of  the  crank  arms, 
hydraulic  cvlinders  are  connected  with  this  motion,  in  which 
piston  rods  are  pushed  to  the  front  and  force  liquid  into  an 
'hamber  to  store  therein  sufficient  energy  to  raise  the  piece 
ie  tiring  position  by  air  pressure  on  opening  a  valve.  On 
the  carriage  was  found  to  be  slow  in  operation  but  showed 
igh  merit  to  warrant  the  construction  of  an  improved  pat- 
The  trial  of  the  second  carriacre  was  fairlv  satisfactorv, 
re-iulted  in  an  opinion  from  the  testing  board  that  the  car- 
'  niifjht  be  used  in  emplacements  where  a  center  pintle 
agre  furnishing  an  all-around  fire  is  desired. 
.  The  Howell  10-inch  is  a  counterpoise  carriage  embodying 
plan  in  which  the  gim  levers,  upon  the  ends  of  which  the 
is  supported,  revolve  about  a  fixed  axis,  and  the  counter- 
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weight  is  supported  at  the  other  ends  of  the  arms  by  interpoait 
of  an  hvdraulic  cylinder  to  reduce  the  shock  of  suddenly  start 
the  counter\veight.  On  trial  the  carriage  passed  the  firing  t( 
prescribed  for  acceptance;  it,  however,  weighed  nearly  t^ice 
much  as  the  Buftington-Crozier  and  did  not  equal  the  latter 
general  performance. 

Buffington-Crozier  Disappearing  Carriages. 

58.  In   1890   Captain  William   Crozier   (now  Chief  of  0 
nance,  U.S.A.)  redesigned  a  type  of  counterpoise  carriage  t 
had  been  proposed  some  years  previously  by  General  Buffing 
when  a  Captain  of  Ordnance.      The  principal  features  of 
carriage  relating  to  the  disappearing  principle  comprise  a  { 
of  gun  lever  arms,  with  the  gun  supported  in  trunnions  at 
upper  end  and  a  counterweight  attached  at  the  lower  end.    ' 
counterweight  is  raised  when  the  gim  recoils  in  firing  and 
comes  operative  to  return  the  gun  in  battery  upon  releasing 
pawls.     The  gun  lever  arms  are  mounted  on  a  horizontal  i 
which  is  journalcd  in  the  top  carriage.     The  top  carriage  mc 
on  rollers  to  the  rear  in  recoil  and  carries  ^^dth  it  two  hvdra 
cylinders  with  throttling  bars  giving  variable  openings  in 
passage  of  the  piston  head  so  designed  as  to  make  the  resista 
uniform    throughout    the    recoil.     The    counterweight    aff( 
some  assistance  in  checking  the  recoil.     During  the  recoil 
trunnions  of  the  gun  describe  ellipses  in  passing  to  the  loac 
position.      Sample  8  and  10  inch  carriages  of    this    type  ^ 
tested  in  ISO-l  and  at  once  adopted  for  service.     The  Ordm 
l^oard,  which   conducted   the   tests,  reported   as   to   the   8-ii 
"  Tlie  tost  of  tliis  carriage  has  demonstrated  that  it  possesse 
a  marked  <legre(»  the  i)roperti(»s  which  should  pertain  to  a 
appearing  carriage  for  high  power  gims.     It  is  simple  in  < 
struct  ion  so  that  its  parts  and  purposes  are  easily  understo< 
Also  as  to  the  10-inch:  "'  Th(^  advantages  of  this  system  of  di 
pea  ring  carriage,  as  set  forth  in  the  report  of  the  Board  on 
8-incli  carriage,  are  cwntirmed  and  emphasized  by  trial  of  a 
riage  adapt<*d  for  a  gun  of  much  greater  caliber  and  power, 
it  is  the  opinion  of  the  Eoanl  that  the  exhanstive  test  to  wl 
tliis  svsicni  lias  now  been  sul>jecte<l  demonstrates  that  on  accc 
of  the  simple  features  of  construction  involving  no  valves,  pu 
or  other  coni])licated  appliances,  and  the  fact  that  by  metl 
easily  unJersto(>(l  by  the  average  artillery  soldier  the  operat 
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I  loading  and  manoeuvring  are  effected  with  remarkable  ease, 
jrtainty  and  rapidity,  it  is  worthy  of  adoption  in  the  service  on 

II  sites  except  those  where  an  all-round  traverse  is  absolutely 
lecessary.'^  The  all-around  fire  model  of  10-inch  carriage  was 
)roduced  in  1896.  Improved  models  of  the  8  and  10  inch  car- 
riages for  limited  field  of  fire  were  also  produced  in  1896,  com- 
prising a  center  turn-table  instead  of  a  forward  turn-table  and 
rear  traverse  circle,  and  live  chassis  rollers  instead  of  axle  rol- 
lers. The  field  of  fire  was  increased  from  150  to  170  d^rees,  and 
a  considerable  saving  of  counterweight  effected  a  material  reduc- 
tion in  the  effort  required  to  haul  a  piece  down  by  hand. 

59.  When  the  model  1896  12-inch  carriage  was  tested,  and 
the  time  required  to  fire  ten  rounds  was  16  minutes  57.2  seconds, 
it  was  felt  that  a  notable  advance  in  gun  carriage  construction 
iad  been  made,  since  it  had  previously  been  considered  imprac- 
ticable to  mount  guns  of  this  size  and  power  upon  disappearing 
carriages.  An  improved  model  of  12-inch  carriage  was  brought 
out  in  1897.  ^ 

GO.  The  6-inch  disappearing  carriage,  model  1898,  includes  a 
sighting  platform  with  handwheels  and  gearing  that  enable  the 
gunner  himself  to  control  the  direction  and  elevation  of  the  gun 
from  his  position  at  the  telescopic  sight. 

61.  Up  to  this  date  the  carriages  were  arranged  to  be  operated 
in  traversing  and  elevation  and  for  retraction  by  hand  power. 
They  are  now  being  nuxlified  to  use  electric  power  for  these  oper- 
ations. The  latest  patterns  of  the  Buffington-Crozier  disappear- 
iug  carriage,  model  of  1901,  embody  all  of  the  desirable  improve- 
Dicnt.-i  indicated  by  experience  and  practice  had  with  the  car- 
napes  \\\)  to  the  present  time,  including  the  application  of  a  sys- 
tem of  el(»ctrie  control  in  connection  with  an  improved  method 
of  ^ighting. 

62.  The  manufacture  of  sea-coast  carriages  proceeded  rapidly 
after  the  types  were  established.  At  the  close  of  the  fiscal  year 
^ruM  June  30,  1898,  398  carriages  had  been  delivered;  in  1899 
the  number  was  increased  to  605,  and  in  1903  to  1,000. 

Indmtrlal  Development  Accompany imj  the  Demand  for  Modem 

Ordnance, 

63.  The  built-up  forged  steel  gun,  as  is  generally  known,  is 
the  type  of  construction  use<l  in  existing  land  as  well  as  navy 
♦ordnance.     Before  discussing  the  principles  of  construction  of 
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the  type,  reference  will  be  made  to  the  industrial  developnn 
this  country,  which  may  be  said  to  be  a  direct  consequence  < 
demonstrated  success  of  this  type  of  gun  in  the  early  eif 
That  is  to  say,  progress  in  armament  was  waiting  for  a  goo 
and  after  its  adoption  the  rest  followed  as  a  matter  of  c 
The  immense  operations  of  the  Navy  Department  will  n 
course,  be  forgotten  by  any  one  in  this  connection,  but 
remarks  must  be  confined  to  the  influence  of  the  War  II 
ment,  and  more  particularly  the  Ordnance  Bureau  of  the 
Department,  which  is  charged  with  the  prociirement  of  th 
ordnance.  The  first  active  steps  for  manufacture  of  high 
steel  guns  were  taken  in  1883,  when  a  field  gun  was  ordew 
the  forgings  procured  for  8-inch  and  10-inch  sea-coast 
The  8-inch  rifle  was  completed  in  1886,  at  the  West 
foundry,  where  I  was  at  the  time  on  duty  as  inspector  c 
nance.  Two  years  later,  by  the  act  of  September  22,  1 
long  period  of  inaction  was  terminated  and  Congress  ma 
eral  appro])riations  for  the  fnanufacture  of  these  guns,  an 
year  since  has  continued  appropriations  enabling  rapid  pi 
to  be  made  towards  the  completion  of  the  plans  for  se 
defense  proposed  by  the  Endicott  Board  in  1886,  as  well 
improving  the  fi(*ld  and  siege  armament.  The  progress 
in  the  procurement  of  sea-coast  armament  dates,  therefore 
1888. 

64.  In  his  annual  report  of  1903  the  Chief  of  Ordnanc< 
eral  Cr<)zi(»r,  gives  tlui  number  of  guns  manufactured  whic 
been  issu(>d  or  are  available  for  issue  to  fortifications,  t( 
with  nearly  an  equal  number  of  carriages,  as  follows: 

6- pounder  rapid-fire  frxins 

15-pounder  rapid-fire  guns  , , 1 

4-iiich  rapid-fire  c:ans 

4 . 7-incli  rapid-fire  Armstrong  guns 

5-inch  rapid-fire  (Ordnance  Department)  gans. 

6-incli  rapid-fire  Armstrong  guns 

6- inch  rapid-fire  (Ordnance  Department)  guns 

8-inch  breecli-loading  rifles * 

10-inch  breech-loading  rifles 1 

12-lnch  breech-loading  rifles 1 

12-inch  breech-loading  mortars I 

Total 1 ,( 

65.  The  report  of  the  Secretary  of  AVar  for  the  san 
states  that  the  provision  of  heavy  gims  in  sea-coast  fortif 
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is  far  advanced.  The  most  pressing  requirements  in  the  way 
of  material  are  a  further  provision  of  rapid  fire  guns  and  the 
installation  of  fire  control  apparatus.  A  table  is  given  showing 
that  about  $51,342,800  have  been  expended  for  armament,  in- 
cluding material  in  process  of  manufacture,  and  the  amount 
remaining  to  be  appropriated  for  armament  to  complete  the 
project  is  $12,111,775. 

66,  In  the  inception  of  this  work  the  Chief  of  Ordnance,  Gen- 
eral Benet,  on  April  3,  1883,  addressed  a^ircular  letter  (report 
of  1883,  page  6)  to  more  than  twenty  of  the  principal  steel 
makers  in  the  United  States  to  ascertain  existing  facilities  for 
making  gun  steel  forgings  and  inviting  an  expression  of  their 
views  on  the  subject.  The  letter  stated  the  physical  qualities 
required  in  forgings  and  summarized  the  methods  of  manu- 
facture in  vogue  in  other  countries  so  far  as  known  at  the  time. 
The  replies  to  this  letter  were,  with  one  or  two  exceptions, 
adverse  to  taking  up  the  work  and  introducing  new  plants,  being 
no  doubt  largely  influenced  by  the  uncertainty  at  that  time  at- 
tending its  future.  The  Midvale  Steel  Company  was  the  first 
to  respond  and  undertake  the  manufacture,  first  of  plain  hoop 
ind  then  of  trunnion  hoop  forgings,  and  by  improving  its 
facilities  was  able  in  1885  to  accept  an  order  for  a  complete  set 
of  forgings,  tube,  jacket  and  hoops  for  an  8-inch  rifle.  Mean- 
time, in  the  absence  of  facilities  in  this  country  for  making  the 
lar|j:er  forgings,  in  all  six  gun  tubes,  three  jackets  and  five 
trunnion  hoop  forgings  for  different  typos  of  experimental 
^inch,  10-inch  and  12-inch  guns  were  ordered  from  abroad  from 
Sir  Joseph  AVhitworth  &  Company  and  the  Creussot  Steel 
"orks.  Meantime  also,  the  Ordnance  Department  continued 
^th  limited  moans  to  procure  forgings  for  field  and  siege  guns 
and  hoop  forgings  for  sea-coast  guns — the  latter  largely  for 
wperimcntal  purposes,  which  produced  results  of  great  benefit 
to  the  art  of  manufacture  and  knowledge  of  gim  construction. 
The  Cambria  Iron  Works  undertook  a  part  of  these  orders  but 
did  not  materially  enlarge  its  plant.  The  net  result  was  that 
^ken  in  1888  through  act  of  Congress  the  Department  was  able 
to  pve  larger  orders  for  forgings,  the  Midvale  Steel  Company 
»nd  the  Bethlehem  Iron  Works  were  prepared  to  fill  them  for 
*U  the  sizes  of  forgings  demanded.  Both  companies  received 
remunerative  orders  and  that  of  the  Bethlehem  company  in- 
cluded  twenty-three   8-inch,    twenty-three    10-inch    and    fifteen 
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12-inch  sets  of  complete  forgings  for  guns.  Up  to  June  80, 
1903,  an  approximate  estimate  of  the  amount  of  gun  steel  forg- 
ings procured  by  the  War  Department  since  1888  from  domestic 
manufacturers  is  25,700  long  tons,  at  an  average  cost  of  about 
$500  per  ton,  or  an  aggregate  of  about  $14,000,000. 

C7.  I  think  it  may  be  fairly  claimed  that  the  thorough  and 
systematic  course  of  investigation  of  quality  and  manufacture 
pursued  by  the  Ordnance  Department  in  the  incipiency  of  gun 
ste(»l  manufacture  in  rtiis  country  was  most  influential  in  bring- 
ing about  a  speedy  and  satisfactory  state  of  manufacture  and  in 
making  it  i)rolitable  as  well  by  establishing  the  excellence  of  the 
built-up  forged  steel  gun.  One  of  the  first  steps  taken  was  to 
test  the  efhciency  of  oil  tempering  as  compared  with  simple  an- 
nealing. Two  hoops  of  open-hearth  steel,  about  45  inches 
interior  diameter  and  4  inches  thick,  were  procured  from  the 
]M  id  vale  company,  one  having  been  annealed,  oil  tempered  and 
again  annealed,  and  the  other  simply  annealed.  Test  specimens 
were  taken  from  the  hoops  and  the  hoops  themselves  were 
assembled  with  relatively  heavy  shrinkage  upon  cast-iron  cyl 
inders.  The  results  (Xotes  on  the  Construction  of  Ordnance 
No.  25)  were,  first,  to  establish  the  superiority  of  the  o\ 
tempered  and  annealed  metal  on  account  of  its  high  elastic  Unu 
and  great  extcMisibility  within  that  limit,  and,  second — ^which  wa 
highly  im])ortant — to  establish  a  striking  similarity  between  th 
behavior  of  the  metal  in  the  specimen  tests  and  that  of  the  hoof 
as  a  whole  in  the  shrinkage  tests.  This,  indeed,  gave  a  basis  fc 
all  futnro  shrinkage  work,  since  it  is  upon  the  tests  of  detache 
specimens  that  we  must  judge  generally  of  the  physical  qualitic 
of  the  metal. 

OS.  Xext  followed  shrinkage  and  specimen  tests  of  tninnio 
hoops  to  <letennine  the  quality  of  metal  to  be  obtained  in  tbes 
irn^gular  pieces.  And  then  the  actual  construction  of  a  tyj 
sea-coasit  gun  was  preceded  by  building  up  a  compound  cylinA 
iiuide  to  be  a  complete  counterpart  of  the  gun  in  the  sectic 
througli    the    reinfon^e.     Tlu*    purposes    of    these    experiment 

con.^trnctions  were  fullv  realized,  namelv:  to  obtain  such  data 

•  « 

could  be  made  available  in  future  construction  of  the  guns; 
determine  the  behavior  of  thc^  elementary  cylinders  in  combii 
tion  under  the  theoretical  shrinkag(»s  previously  deduced  by 
mnthciiiatical    ap]>lieatiou    of    the    fornmlie    and    thus    test    1 
theories  upon  which  the  fornuihe  are  based;  to  observe  the 
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1  beha\nor  of  the  elementary  cylinders;  and,  finally,  to 
ne  whether  the  shrinkages  so  deduced  should  be  applied 
future  construction  of  the  guns  or  to  what  extent  they 
be  modified  for   that  construction. 

Vn  interesting  discussion  of  the  quality  of  steel  most  suit- 
r  guns  is  contained  in  the  proceedings  of  the  Naval  In-  . 
No.  40,  1887.  The  effort  was  made  to  show  that  the 
hich  the  Army  and  Navv  Ordnance  Bureaus  were  then 
ing  was  of  a  grade  of  so-called  high  steel  with  uncertain 
h  and  properties  and  that  guns  should  be  made  of  mild 
ith  little  or  no  carbon  and  having  an  ultimate  strength 
a  55,000  to  65,000  pounds.     The  commercial  advantage 

1  was  that  this  grade  of  steel  could  then  be  readily  manu- 
d  in  our  own  country  and  a  high  price  would  necessarily 

for  the  special  steel  which  the  government  was  demand- 
?he  discussion  was  convincing  in  showing  that  what  was 

wanted  was  a  metal  possessing  a  high  elastic  limit  with 
ictility  and  ultimate  strength  to  withstand  the  pressure  to 
a  gun  may  be  subjected  without  deformation.  Events 
nee  shown  that  the  constant  demands  of  the  government 
lintaining  a  high  standard  of'  quality  and  to  improve  it 
er  practicable  have  been  of  great  benefit  to  the  domestic 
ince  the  qualities  of  high  grade  steel  manufactured  for  all 
PS  in  this  country  are  not  surpassed  elsewhere. 
The  physical  (pialities  prescribed  for  forgings  for  gims  of 

2  inch  caliber  and  upwards  are:  . 

Elastic  Tensile  Elongation  *,^„, .«„♦!«« 

limit  8trenjftli  after  of^JSJI®*^ 

jKmiuls  poundH  rnptnre  «2rrMS 

per  nq.  in.  per  kq.  in.  per  cent.  ^^^  *'*'"*" 

46,000  86,000  17  80 

48,000  90,000  16  27 

II  hoops 50,000  90,000  14  20 

cal  hoops 53,000  93.000  14  20 

The  steel  is  ordinarily  made  by  the  open-hearth  process 
medium  per  cent.,  about  45,  of  carbon.  Steel  containing 
\\  per  cent,  of  nickel  is  now  required  for  breech  blocks  and 
8  with  an  elastic  limit  of  70,000  pounds.  It  is  also  sup- 
or  ^*ld  guns  and  the  tubes  and  jackets  of  5  and  6  inch 
ire  guns,  the  prescribed  limit  Ix^ng  G5,000  pounds.  The 
nd  jacket  of  the  16-inch  type  gun  were  made  of  nickel 
ince  the  manufacturers  would  not  otherwise  guarantee  the 
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required  elastic  limit  of  60,000  pounds  in  the  metal.  The  cost 
of  nickel  steel  for  the  present  acts  a«  a  bar  to  its  more  extended 
use.  The  gain  in  elastic  limit  is  about  30  per  cent,  over  previous 
standards. 

72.  The  establishment  of  the  army  gun  factory  at  WatervKet 
Arsenal  was  authorized  by  the  act  of  September  22,  1888.  The 
tools  and  equipments  were  purchased  and  sufficient  machineir 
installed  in  the  new  building  to  begin  operations  in  September, 
1800,  or  within  twenty-one  months  from  the  time  ground  was 
first  broken  for  building.  Up  to  June  30,  1903,  this  factory, 
besides  a  number  of  field  and  siege  guns  and  12-inch  mortars, 
had  comi)leted  fifty-seven  8-inch,  one  hundred  10-inch,  one 
hundred  and  twenty-five  12-inch  and  one  16-inch  sea-coast  gnns 
with  forgings  furnished  by  private  steel  makers.  The  present 
capacity  of  the  shops  per  annum  on  a  basis  of  8  hours'  work  per 
day  is  equivalent  to : 

Field  guns,  170  ;  siege  guns,  10  ;  siege  Howitzers,  10 ;  siege  morUn,  11;  6-iock 
rapid-fire  guns,  10  ;  6-incb  rapid-fire  guns,  13  ;  10-inch  gUBB,  16 ;  IS-indi 
guns,  16;  12-incIi  mortars,  20; 

or  a  total  of  about  270  piece*  of  the  different  calibers.    While 
a  large  proportion  of  the  guns  have  been  made  at  WatervHet 
Arsenal  a  goodly  numb(»r  have  also  been  made  at  private  fac- 
tories.   All  of  the  0  and  15  pounder  gims  have  been  so  procured, 
as  well  as  a  number  of  sea-coast  guns  and  a  large  part  of  the 
mortars.     In  18J>1  the  Bethlehem  Steel  Company,  then  under 
tlie  management  of  Mr.  Fric^k,  made  contract  with  the  Depart- 
ment to  furnish  twentv-live  8-inch,  fiftv  10-inch  and  twentv-five 
12-inc'li  guns  eom])h*t('  and  at  once  proceeded  to  erect  the  fine  . 
gun  finishing  plant  which  to-day  distinguishes  that  company  as 
tlie  most  extensive,  complete  and  best  equipped  private  factoiy 
for  the  manufacture  of  ordnance  in  the  country. 

7.'].  Tlic  Watert<>wn  Arsenal  is  well  equipped  for  the  manu- 
facture of  the  niod(M*n  sea-coast  carriages  by  the  governments 
Its  capacity  is,  ]i«»wever,  limited  and  most  of  the  sea-coast  car- 
riages are  procured   from   private    establishments.      The  Rock 
Island  Arsenal  is  well  equipped  for  making  field  and  siege  car- 
riages. » 

74.  The  Department  lias  no  plant  for  the  manufacture  of 
powders  or  steel  projectiles.  These  constitute  a  large  item  of 
( xjK'nditure  hardly  less  in  amount  than  for  the  grms  or  carriages. 
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material  procured  from  private  factories  is  made  after 
lifications  prepared  by  the  Ordnance  Department,  and  under 
inspection  of  its  officers  stationed  at  the  place  of  manu- 
ture.  It  is  besides  subjected  to  proof  firing  tests  for  accept- 
e.  By  this  system,  coupled  with  the  work  turned  out  from 
government  shops,  the  Ordnance  Department  is  admittedly, 
1  justly  so  I  believe,  credited  with  maintaining  a  high  standard 
excellence  for  its  products. 

^jmnients  Made  to  Determine  tlie  Utility  of  Initial  Tension 
and  Shrinkage  in  Gun  Constricctionj  Compared  with  Theory, 

75.  When  a  simple,  homogeneous  cylinder  is  subjected  to  in- 
rior  pressure  the  surface  of  the  bore  sustains  the  greatest  strain 
ngentially,  while  the  metal  of  the  wall  is  strained  to  a  less 
gree  depending  upon  its  distance  from  the  axis.  The  elastic 
sistance  of  the  cylinder  is  therefore  measured  by  an  interior 
assure  that  will  expand  the  bore  to  the  point  where  the  elastic 
tensibility  of  the  metal  is  reached.  In  a  cylinder  having  initial 
nsion  produced  by  interior  cooling  or  by  the  shrinkage  of 
'linders  one  upon  another,  or  by  wire  winding,  in  either  case 
•oducing  a  compression  of  the  metal  at  the  surface  of  the  bore, 
le  same  law  of  strains  due  to  an  applied  interior  pressure  holds 
>o<I  as  in  a  simple  cylinder,  but  the  outer  layers  of  metal  having 
?en  initially  strained  will  be  worked  at  greater  tension  than 

the  case  of  a  simple  cylinder  and  the  aggregate  resistance  to 
tenor  pressure  will  be  increased.     It  is  necessary,  of  course, 

observe  that  none  of  the  outer  layers,  or  indeed  any  of  the 
Ptal  in  the  wall,  be  strained  beyond  the  elastic  limit,  but  the 
iximum  resistance  of  the  cylinder  will  evidently  be  attained 
each  of  the  indefinably  thin  concentric  cylindrical  lamina  into 
ich  the  wall  of  the  cylinder  may  be  conceived  to  be  divided  be 
dned  simultaneously  to  the  elastic  limit.  The  object  of 
ial  tension  or  shrinkage  is  therefore  to  derive  the  use  of  that 
tion  of  the  elastic  extensibility  and  work  in  the  outer  parts 
he  wall  in  resisting  interior  pressure  which  are  not  utilized  in 
simple  cylinder.  On  the  other  hand  the  surface  of  the  bore 
Id  not  be  initially  compressed  beyond  the  elastic  limit  of 
netal.  This  is  the  simple  theory  involved  in  the  tangential 
^h  of  the  built-up  gun.  The  necessary  longitudinal 
gth  is  readily  secured. 
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7G.  The  outer  cylinders  are  to  be  assembled  with  such  shrink- 
ages  that  conjointly  they  wall  compress  the  bore  of  the  tube  to 
its  clastic  limit  and  yet  retain  sufficient  residual  elastic  extenai- 
bility  in  each,  so  that  at  the  moment  when  the  bore  of  the  tub« 
is  extended  to  its  elastic  limit  by  interior  pressure,  the  bore  of 
each  enveloping  will  also  be  extended  to  its  elastic  limit.  The 
difference  b(*tween  the  resistance  of  a  cylinder  \\'ith  initial  ten- 
sion  produced  by  interior  cooling  and  that  of  one  formed  by  the 
shrinkage  of  cylinders  of  considerable  thickness  one  upon  an- 
other here  becomes  apparent.  In  the  first  case  the  maximum 
resistance  of  the  whole  thickness  of  wall  or  the  aggregate  from 
the  infinite  number  of  cylindrical  lamina  into  which  it  can  be 

conceived  to  be  divided  mav  be  utilized.     In  the  second  case  the 

« 

full  elastic  limit  can  be  realized  onlv  at  the  interior  surface  of 
each  of  the  cylinders  shrunk  on  so  that  the  maximum  elastic 
extensibility  of  the  whole  thickness  of  wall  is  not  utilized  and 
there  is  some  loss.  In  practice,  however,  since  the  tube  cannot 
be  initially  compressed  in  the  state  of  rest  or  extended  in  the 
state  of  action  beyond  the  elastic  limit  of  its  metal  it  results 
that  where  the  thickness  of  wall  is  sufficient  to  divide  into  three 
or  four  layers  little  or  no  tangential  resistance  is  lost  in  the 
built-up  cylinder  construction  as  compared  ^^^th  initial  tension 
produced  by  interior  cooling.  These  conditions  are  present  in 
tli(»  reinforced  parts  of  the  large  caliber  sea-coast  guns,  since 
every  gim  must  have  a  thickness  of  wall  proportioned  to  its 
caliber,  and  hence  the  absolute  thickness  of  the  wall  in  the  larg* 
guns  is  relatively  great. 

77.  In  wire-wound  guns  the  lining  tube  imposes  practically 
the  same  restrictions  as  in  the  built-up  forged  steel  gun,  that  is  to 
say,  the  maximum  resistance  is  limited  by  the  tube  which  may 
not  be  worked  beyond  its  limit  of  compression  at  rest  or  beyond 
its  li?nit  of  extension  in  action. 

78.  In  a  solid  walled  gun  properly  strengthened  by  interior 
cooling  it  is  possible  to  secure  the  greatest  economy  in  weight  of 
metal  to  produce  a  cylinder  of  given  resistance  to  interior  pres- 
sure below  a  certain  thickness  of  wall  in  calibers. 

70.  Th(^  following  formulae  express  the  maximum  tangential 
resistance  of  a  sinijde  cylinder  or  gim  and  of  a  compound  cyl- 
inder, as  exemplified  in  the  built-up  forged  steel,  and  the  wire- 
wound  guns  with  lining  tube. 

P  is  the  pressure  in  pounds  per  square  inch,  0  the  elastic  limi* 
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ension  and  p  the  elastic  limit  for  compression  of  the  tube 
n  pounds  per  square  inch;  R^  and  R^  stand  for  the  radius 
bore  and  the  exterior  of  the  gun. 

Simple  gun    p  =  ^^^^6 

p  are  usually  taken  as  equal,  whence  it  appears  that  the 
und  gun  will  withstand  twice  as  much  interior  pressure  as 
)le  gun  of  the  same  dimensions  and  quality  of  metal,  pro- 
the  tube  in  the  compound  gun  is  worked  between  the  full 
of  compression  and  extension. 

By  plotting  curves  from  these  formulae  with  abscissae 
enting  the  tliiekness  (K, — E.^)  of  the  wall  in  calibers, 
ith  ordinates  representing  the  fractional  coefficients  in  the 
lap,  as  shown  in  Fig.  1)8,  it  is  seen  that  the  resistance  to 
•r  pressure  increases  with  the  thickness  of  wall,  but  the 
lents  are  very  small  beyond  a  thickness  of  1  to  1.25 
8.  The  limiting  values  of  P  for  an  infinite  thickness  of 
oaking  R^  =  ooR^,  become  0.750  for  the  simple  gun  and 
3r  the  compound  gun. 

The  shrinkage  formulae  that  have  been  applied  in  the 
jction  of  our  built-up  forged  steel  guns  are  published  in 
I  form  in  Notes  on  the  Construction  of  Ordnance  No.  59, 
July  21,  1891. 

0  formulae  deal  directly  with  the  strains  produced  in  the 
>v  all  the  extraneous  forces,  and  by  an  evaluation  of  these 
wc  are  enabled  to  conserve  the  primary  condition  that  no 

the  gim  should  be  subjected  to  strain  beyond  the  elastic 
f  the  metal.     By  modifying  Clavarino's  formula  in  rela- 

longitndinal  stress,  a  set  of  relations  was  secured  which 
?d  a  most  satisfactory  agreement  in  actual  construction. 
rniiilae  were  placed  in  fonn  to  discuss  fully  the  forces 
[>red  in  building  up  a  gim  with  cylinders  applied  by  shrink- 
fl  thus  enabled  the  fidelity  of  work  to  be  verified  not  only 
[•ompleted  gun  but  also  in  the  various  stages  of  construc- 
'  measuring  the  bore  of  tube  and  the  diameters  of  succes- 
inders  when  applied. 
Vnother  valuable  attribute  of  formulas  applying  directly 
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the  State  of  rest  of  the  system  is  the  facility  afforded  for  the 
justment  of  shrinkages  in  different  sections  throughout  the 
ngth  of  the  gun.     In  making  the  computations  for  all  parts  of 

complete  gun,  the  changes  in  the  number  of  layers  and  in 
ectional  dimensions  from  part  to  part  render  it  necessary  to 
livide  the  whole  length  into  a  number  of  sections  and  compute 
he  H'sistance,  shrinkages  and  strains  for  each.  These  sections 
jannot,  however,  be  considered  wholly  independent,  as  that 
would  give  rise  to  a  variety  of  values  which  would  be  incon- 
venient to  apply  in  practice  and  would  cause  undesirable  inequal- 
ities in  strains  in  j)assing  from  one  section  of  the  gun  to  another. 
AVhik  not  overlooking  the  primary  consideration  to  preserve 
wherever  practicable  the  maximum  resistance  and  in  all  cases  a 
sufficient  elastic  resistance  to  withstand  anticipated  pressures, 
two|jonoral  rules  are  to  be  observed,  namely:  1.  To  apply  as  far 
4.<  practicable,  imif orm  values  for  the  shrinkages  in  contiguous 
^tions  where  the  shrinkage  diameters  are  the  same,  or  nearly 
«>.  2.  To  so  modulate  the  curves  of  compression  or  contraction 
<^f  hon^  in  the  state  of  rest  that  the  final  curve  will  present  a 
<^n»paratively  smooth  contour,  conforming  in  general  to  the 
<^urM»  of  powder  pressure  and  having  no  abrupt  change  of  ordi- 
Mtes.  As  it  will  in  general  be  most  necessary  to  preserve  the 
Jnaximuin  resistance  in  the  section  of  the  powder  chamber,  that 
''<'cti(m  should  be  considered  first  and  the  values  belonging  to  it 
taken  to  govern  others.  Under  these  considerations  it  fre- 
quently l)eeomes  necessary  for  a  given  section  of  the  gim  to 
immw  certain  values,  as,  for  instance,  one  or  more  of  the 
shrinkages,  the  contraction  of  bore  or  other  conditions  and  com- 
!»im«  th(*  various  equations  or  transform  them  to  obtain  desired 
fsnits. 

8*J.  The  nietliod  of  division  into  sections  is  illustrated  in  the 

inin».   Fig.    1)J),    for   the    8-inch   experimental    rifle   finisfhed   in 

^sVi*     The  radial  changes  in  dimensions  of  the  cylinders  due 

assemblage  under  shrinkage  and  the  magnitude  of  the  stresses, 

*Tbe  nameroas  and  very  short  hoops  used  in  this  gun  were  soon  changed  in 
DTP  ertcstnictions  when  it  was  foand  that  the  stc^l  makers  could  readily  pro- 
e  longer  hoops.  In  the  12-inch  rifle,  model  1900,  which  is  42  feet  in  length, 
Tare  but  two  hoops  in  the  **C"  row  extending  from  the  front  end  of  the 
;et  to  the  mozsle  of  the  gun,  each  of  whicli  is  about  188  Inches  long.  Similarly 
•*!>'•  row  is  formed  of  a  single  hoop  108  inches  long,  and  the  **  A  '*  row  of 
boops  only,  91,  and  100  inches  lonf?: ;  the  single  hoop  over  the  breech  in  the 
•  ftyw  is  lOB  inches  long,  and  the  trunnion  hoop  28  inches. 
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ill  a  si'Otional  view,  are  illustrated  in  the  two  fifriirO' 
for  ]L>-iii<-]i  rifle. 

S-i.  Praetiee  lias  shown  a  reinarkable  conformity 
olitaineil  in  tlie  aetnal  niainifiieture  of  guns  with  thos 
h,v  the  formulas  applied  in  their  construction.  One  of 
experiuicnts  consisted  in  huildinp  a  section  of  gun  ' 
biire,  composed  of  four  cylinders,  dhrnnk  one  upon 
Tlie  displacements  of    (iiamcters    and  lengths    caust 
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itflgB  were  carefully  measured  and  showed  in  every  in- 
0  close  agreement  witli  values  deduced  by  tlie  fonnulse. 
example,  the  anticipated  total  compression  of  the  S-inch 
iraa  0,0120  inch,  and  its  measured  compression  0.0131  inch, 
nticipated  extension  of  the  exterior  of  the  fourth  layer  or 
hoop   C<iiameter,  31.5  inches)  was  0.0285  inch  and  its  meaa- 
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urcd  extension  0.0276  inch.  These  culminating  measure 
of  the  aeries  thus  allowed  a  difference  of  less  than  2  jwi 
between  the  actual  and  anticipated  results. 

85.  In  the  8-inch  experimental  rifle  the  anticipated  co 
sion  of  the  bore  in  the  section  of  the  powder  chamber  wa; 
and  the  measured  compression  ,0156  inch.  Thia  gim  w 
made  without  <rhase  hooping.  After  firing  24  rounds  tb 
of  the  tube  at  SOMU*  15  inches  from  the  muzzle  was  foum 


enlarged  .000  of  an  inch.  It  was  then  decided  to  retr 
gnu  to  tlic  factory  and  extend  the  hooping  to  the  muzzl 
turning  off  the  cliase  nietiil  for  hooping  the  bore  contraete 
metal  waw  turned  off  rihuwing  that  there  existed  a  zone  < 
pressed  metal  at  the  exterior  of  the  tube  damaging  to  its  s 
and  due  to  the  imperfect  treatment  at  that  time  in  vogue 
Whitworth  works  where  the  tube  was  procured.  The 
hooping  fully  re-eatablisheii  the  strength  of  the  gim,  wh 
been  fired  in  all  ^35  rounds  and  is  still  in  serviceable  co 
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Tting  erosioa  of  the  horo,  which  detracts  from  its  accuracy. 
6'  FifT.  101>  with  fifjiirca  showing  tho  measured  stresses  in  a 
ting  representing  sections  of  a  field  gun  which  was  treated  by 
'nor  cooling  for  experiment,  is  taken  from  a  paper  read  to 
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the  Philosophical  Society  of  Washington,  D.  C,  May  11,  1895, 
and  printed  in  l^ulletin  Vol.  XIII,  pp.  27-102.  The  wall  of  the 
forging  was  cut  into  thin  concentric  rings  on  four  several  sec- 
tions, and  the  changes  measured  on  the  diameter  of  each  ring 
due  to  its  release*  from  the  forging,  these  changes  giving  i 
measure  of  the  strains  induced  by  the  treatment. 

87.  An  analysis  of  the  laws  governing  the  resistance  of  a  cyl- 
inder with  a  properly  regulated  degree  of  initial  tension  pro- 
duced by  interior  cooling  shows  that  a  thickness  of  0,65  of  i 
ealibf^r,  nearly,  will  give  the  strongest  tube  that  can  be  made 
from  a  given  ^veight  of  metal  of  given  quality.     For  this  thick- 
ness in  ealil>ers  only  will  all  the  fibres  of  the  metal  throughout 
the  thickness  of  the  wall  reach  the  elastic  limit  from  extension 
simultaneously    under    the    action    of    interior    pressure.    This 
particular  case  is  illustrated  in  Fig.   102.     The  interior  cooling 
being  supposed  perfectly  conducted,  the  metal  at  the  surface  of 
the  bore  is  comj^ressed  to  its  elastic  limit,  p  =45,000  pounds 
assumed.     The  curve  of  initial  tension  is  a  continuous  one  ex- 
tending through  the  neutral  point  of  stress  "  b  "  to  a  tension  of 
21,600  at  ''  c,"  on  the  outer  surface  of  the  cylinder.     If  now  this 
cylinder  b(^  subjected  to  an  interior  pressure  the  stress  upon  the 
metal  throughout  the  tliickness  of  the  wall  will  be  developed  in 
resisting  the  pressure  until  an  interior  pressure  of  P  =  49,950 
])oun(ls  per  square  inch  is  reached.     At  this  stage  of  the  press- 
ure tlie  str(\<s  curve,  which  was  originally  represented  by  the 
initial  tension  curve,  a,  b,  c,  is  now  formed  in  the  straight  line, 
d,  e;  that  is  to  say,  the  stress  upon  the  metal  throughout  the 
thickness  of  the  wall  is  at  every  point  equal  to  the  elastic  limit  of 
\\w  metal.      The  elastic  tangential  resistance  of  the  cylinder  to 
interior  ])ressure  is  1.11  times  the  elastic  limit  of  the  metal  to  be 
derived  from  tests  of  specimens  although  the  wall  of  the  cylinder 
is  only  0.(1-17:3  (»f  a  caliber  thick  or  actually  8X0.6473  =  5.18 
inches.     The  same  relations  would,  of  course,  hold  good  for  a 
tube  with  any  given  diameter  of  bore  and  metal  of  given  elastic 
limit. 

SM.  The  following  conclusions  may  here  be  quoted  from  the 
bulletin  of  the  Philoso])lii(.'al  Society  preWously  cited. 

For  cylinders  of  greater  thickness  than  0.65  caUber,  a  state  of  unifonn  stitiB 
in  the  wall  will  bo  reached  in  action  and  passed  before  the  elastic  limit  of  tbi 
metal  is  attained,  and  with  increasing  pressure  this  limit  will  be  fnlly  reached 
only  at  the  surface  of  the  bore,  thus  determining  the  limit  of  pressaie.    F6r  sod 
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•rs  tbe  best  condition  of  resistance  will  be  obtained  by  utilizing  the  full 
r  compression  of  tbe  metal  in  the  initial  tension. 

f6r  cylinders  of  less  thickness  than  0.65  caliber,  a  state  of  uniform  strain 
n  equal  to  the  elastic  limit  of  the  metal  can  be  attained  with  a  compression 
)  less  than  the  limit  p.  The  thinner  the  cylinder  the  less  should  be  the 
compression  imposed.  It  follows  that  the  X)ossible  maximum  resistance 
1  cylinders  will  be  obtained  by  adjusting  the  initial  compression  within 
If  the  full  limit  of  initial  compression  were  given,  the  elastic  limit  of  the 
would  be  reached  in  action  at  the  exterior  of  the  cylinder  sooner  than  at 

a  consequence,  also,  of  the  preceding,  the  resistance  of  the  cylinders  of 
ickness  than  0.65  caliber,  treated  by  interior  cooling,  should  be  directly 
clonal  to  the  thickness.  This  treatment  gives  the  means  of  imparting  the 
t  resistance  so  far  known  to  such  cylinders. 

A  3-inch  and  a  5-inch  gun  made  of  single  forgings 
fthened  by  interior  cooling  have  been  constructed  and  tested 
sively  with  very  satisfactory  results.  A  number  of  the 
for  5-inch  rapid  fire  guns  have  also  been  made  in  this  way. 
DUtcome  of  the  process  in  these  tubes  has  not  been  en- 
ding for  the  continuation  of  this  method  in  view  of  the 
le  experienced  and  the  number  of  re-treatments  necessary 
tain  the  degree  of  initial  tension  desired.  Care  and  ex- 
ice  in  manufacture  should  be  able  to  control  this  method 
iply  it  advantageously  at  least  to  guns  of  small  and  medium 
p.  The  difficulty  to  be  anticipated  with  guns  of  large 
r  is  in  procuring  a  forging  for  the  gun  body  in  one  piece 
ifomi  quality.  This  is,  however,  also  a  question  of  experi- 
md  advancement  in  knowledge  of  the  art,  and  quite  within 
uits  of  future  possibility. 


The  Modem  Field  Gun  {Figs,  103  and  10^  *). 

The  chief  object  of  improvement  in  the  modern  field  gun 
•btaiii  the  greatest  possible  rapidity  of  aimed  fire,  and  this 
»en  rendered  possible  by  the  introduction  of  smokeless 
r,  since  with  the  front  of  the  battery  covered  by  a  heavy 
of  smoke,  as  formerly,  such  rapidity  of  fire  as  is  now 
»d  would  not  have  been  possible.  Improvements  for  this 
e  have  been  made  in  the  breech  mechanism  of  the  gun,  in 

I  regretted  that  photographs  of  the  model  1902  field  gun  and  limber  are 
(able  at  this  time.  These  plates  show  the  material  tested  in  1901-3  which 
» the  adopted  type. 
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the  ammuDitioii,  and  cspccinllv  in  tlio  carriage.  Improvonionta 
is  the  iiiecliaiiittiii  cuiisist  |ii-iiK'ipa11y  in  a  sin;>:k'  iiintiuii  in  opcn- 
iag  and  closing  the  block,  satVtv  devices  to  prevent  firing  until 
the  block  is  fiiDv  closed  ami  iiKrkcd,  and  eccentric  position  of  the 
firing  pill  in  the  block  to  prevent  preniatnre  distdiarge  of  the 
primer  in  the  tixed  aininnnition  when  the  block  i^  closed. 
91.  Improvements  in  the  carriage  constitute  essentially  a  eon- 


rtnictum  wlii<di  ndniils  of  llic  gnn  bcinfi  lircd  witliont  n'i-..il  of 
tke  carria^i'  ">»  the  ground,  without  jump  of  the  wheels  with 
pneticflUy  n..  di:.lui-l»ince  of  the  aim.  t..g<-ilicr  with  siu-h  an 
•tttchim-tit  i>f  sigiils  that  the  sighiiiig  ean  he  i-oniinuonsly  main- 
tunrd  wliib'  ili''  gun  is  U-ing  h.adcd.  lMi|irovcnicnts  in  th.-  ani- 
mnnition  iir<-  n  .■lunige  from  s.'parate  loading  of  tin-  projectile 
■Dd  i»owd<T  (diiirge  to  tixed  arnniiiiiiii..n. 
02,   In  llx'  patiern  of  cipiipnicnt  now  to  be  rc|dai.i'd  tlie  ear- 
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riagc  recoiled  at  each  round  and  had  to  be  run  to  the  front,  re- 
pointed  by  shifting  the  trail,  and  finally  the  cannoneers  must  get 
clear  of  the  carriage  to  allow  the  gun  to  be  fired.  All  of  these 
were  tinie-consuniing  elements. 

1K3.  I'liree  ex])eriuicntal  carriages  embodying  recoil  of  the  gun 
on  the  carriage  have  been  tried  precedent  to  the  present  adopted 
tyi)e,  model  11)02.  First  the  model  of  18J)8,  with  the  short 
recoil  of  gun  on  carriage,  and  having  an  axle  traverse  to  give 
motion  to  the  gun  in  azinmth  without  shifting  the  trail;  next, 
another  short  recoil  carriage  mad(»  in  1900.  The  distinctive 
features  of  this  were  hvdraulic  recoil  cvlinders  with  counter 
recoil  springs  in  the  cylinder,  azimuth  motion  of  the  gim  on  the 
carriage  without  shifting  the  trail,  provided  by  a  tum-tablo,  and 
a  folding  s])ade  at  the  rear  end  of  the  trail.  Kext  came  the  long 
recoil  carriage*  allowing  a  recoil  of  4-i  inches  to  the  gun  on  tho 
carriage,  made  with  two  hydraulic  recoil  check  cylinders  and 
return  springs  in  the  cylinder.  The  two  last-named  types  were 
entered  in  the  exhaustive*  tests  of  field  material  made  in  li>01 
and  1J)02,  together  \\'ith  sev(»ral  types  of  foreign  and  domestic 
manufacture.  The  results  of  those  tests  led  to  a  combination 
of  good  points  found,  which  have  been  introduced  in  the  model 
of  11)02. 

04.  The  gun  is  made  of  nicked  steel  built  up  with  clips  tliat 
slide*  in  anel  secure  it  to  the»  guide  rails  of  the  cradle.     A  lug 
uneler  the  breech    conne*cts    the  gun  with  the  recoil  cylinder. 
The   bn*eedi   mechanism  is   e)f   the   interrupted   screw  type  and 
opens  with  a  single*  motion.     The  block  is  bored  out  to  receive 
the*  tiring  mee*lianism  which  is  place*d  eccentrically  in  the  block 
so  that  in  closing,  the  firing  ])in  will  not  be  brought  opposite  the 
])riuier  in  the  cartridge*  case*  until  the*  blexik  is  rotated  and  locked. 
A  safe'ty  device'  ])reve'nts  firing  until  the  breech  is  closed.    The 
gun  may  Ik*  tire'd  by  lanyard  from  the  rear,  but  is  habitually 
fircel  l)y  the*  e'annone'e'r  se*ated  on  the  right  through  a  firing  shaft 
attache'd    to   the'   carriage.      This   shaft   is   so   arranged  that  it 
cannot  l)e'  operated  until  the  gun  has  returned  to  the  safe  position 
in  tlie*  l)ntterv.     The  advantage's  of  this  breech  mechanism  are 
ra|)ie]ity  of  lire*,  gre-at  ])owe*r  of  extractiem  and  ejection  of  cart- 
ridge case,  ease  of  loading  in  tliat  tlie  cartridge  is  not  required 
to  ])e'  ])ushe*d  into  ]>]ace  l)y  hanel  as  in  sliding  block  mechanisms, 
but  the  last  part  of  the  motion  is  given  by  the  closing  of  the 
bloe'k.     The  nu*chanism  is  well  arranged  for  protection  of  the 
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parts  from  dust  and  injury,  especially  blowbacks,  is  simple  and 
no  tools  are  required  for  dismantling  it. 

95.  The  projectiles  used  are  shrapnel  and  high  explosive  shell 
weighing  15  pounds.  The  gun  gives  a  muzzle  velocity  of  1,700 
foot-seconds,  and  a  range  of  6,250  yards  with  15  degrees  eleva- 
tion. A  somewhat  greater  range  can  be  obtained  by  sinking  the 
trail.  The  maximum  range  is  about  7,500  yards.  The  accuracy 
of  the  gun  is  excellent  at  6,000  yards  range,  and  compares  favor- 
ably at  this  range  with  the  3.2-inch  gun,  which  it  replaces,  at 
4,000  vards  rancre. 

The  carriage  comprises  the  lower  carriage,  consisting  of  Vheels 
axle  and  trail,  together  with  a  rocker  and  cradle  which  contains 
the  recoil  system  and  in  which  the  gun  slides.  The  cradle  rests 
on  the  rocker  and  is  controlled  by  the  elevating  gear.  The 
roekor  forms  a  table  also  in  which  the  cradle  can  be  moved  in 
azimuth  4  degrees  on  either  side  of  the  centre  to  change  the 
direction  of  the  gun  by  that  amount  ^nthout  moving  the  trail. 
The  jipade  at  the  end  of  the  trail  is  fixed  in  position  and  has 
wide  flanges  to  prevent  sinking  in  the  ground.  The  recoil  equij)- 
ment  comprises  the  cylinder,  piston  rod,  counter  recoil  buffer 
and  springs.  The  cylinder  lies  in  the  cradle  and  is  surrounded 
bv  the  springs,  and  its  rear  end  is  attached  to  the  breech  of  the 
fnm.  The  recoil  springs  are  made  of  thin  steel  riband  rect- 
anirular  in  shape  coiled  on  edge.  The  column  of  springs  com- 
prises three  similar  coils  assembled  with  tension  sufficient  to 
return  the  piece  wlien  fired  at  15  degrees  elevation.  The  piston 
r<Ki  is  Iw^red  out  for  the  throttling  bar  and  the  interior  of  the 
cylinder  has  three  ribs  of  variable  profile  to  control  the  recoil  by 
<»penings  through  which  the  liquid  in  'the  cylinder  passes.  The 
variable  openings  in  the  cylinder  are  calculated  so  as  to  make  the 
resistance  whieh  the  liquid  offers  plus  the  resistance  of  the 
j'prings  sucli  that  the  wheels  will  not  jump  from  the  groimd 
^hen  the  piece  is  fired  at  zero  elevation.  This  is  accomplished 
I'.v  making  the  e:ravitv  moment  of  the  svstem  about  an  axis 
throiigli  the  point  of  support  of  the  trail  greater  than  the  sum 
of  the  moments  of  the  piston  pull  and  the  spring  resistance  about 
the  same  axis.  The  recoil  of  the  gun  on  the  carriage  is  48 
mehos.  The  counter  recoil  rod  with  one  end  secured  to  the  cyl- 
inder has  its  free  end  centred  and  supported  at  all  times  in  the 
We  of  the  piston  rod.  It  regulates  the  velocity  of  return  of 
the  piece  throughout  the  whole  length  of  counter  recoil,   thus 
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obviating^  the  suddc^n  strain  and  shock  in  designs  where  I 
counter  recoil  is  unrestrained  until  the  piece  is  nearly  in  battej 
As  a  result  of  this  arrangeni(»nt  the  gun  can  be  fired  without  en 
as  much  motion  as  would  dislodge  a  piece  of  money  placed  upc 
the  wheel. 

OG.  The  shield  is  made  of  hardened  steel  .2  of  an  inch  thic 
in  thrc^e  parts.  A  small  portion  of  the  top  is  made  to  fold  dow 
so  that  it  will  not  project  above  the  wheels  while  travellia 
With  this  arrangement  the  carriage  might  be  overturned  withO' 
injury.  The  shields  are  tested  for  acceptance  by  firing  thir 
caliber  steel-jacketed  bullets  with  nmzzle  velocity  of  2,300  f. 
at  a  range  of  100  yards.  The  bullet  must  not  penetrate.  Tl 
shield  thus  offers  protection  against  small  arm  fire  and  shrapn 
bullets. 

07.  The  road  brake  has  a  double  lever,  one  in  front  and  o 
in  r(»ar  of  the  shield.  Th(»  first  is  for  the  use  of  the  cannonc 
seated  on  the  axle  seat  as  a  road  brake,  and  the  other  is  plae 
w^here  it  can  be  readily  operated  in  firing  the  gun  to  preve 
movement  of  the  carriage  especially  when  fired  from  a  slopi 
platform.  The  brake  blocks  bear  upon  the  front  of  the  wli( 
in  th(j  firing  ])osition  where  they  are  out  of  the  way  of  the  firi 
party.  Wh(^n  limbered  up  in  travelling  on  the  road  this  pla( 
the  blocks  behind  the  wheels  and  no  mud  is  collected  on  t 
blocks. 

1)S.  The  sights  comprise  a  panoramic  telescopic  sight  on  1 
left  of  the  pieces  and  a  range  (puulrant  on  the  right.  In  nsi 
the  range  (jiuidrant  the  gunner  on  the  left  may  devote  his  ent 
attention  to  giving  direction,  while  another  cannoneer  can  g 
elcvntirin  at  the  range  (juadrant.  The  piece  is,  however,  usna 
aimed  bv  the  aiinner  seated  on  the  left,  who  has  at  hand 
elevating  and  traversing  wheels  for  training  the  gun.  1 
sights  arc  attached  to  tlic  cradle,  and  since  this  does  not  move 
firing  the  |)iece  the  sighting  may  be  continuous.  The  panorai 
Mght  enal)l(»s  tlie  gnn  to  be  aimed  by  directing  the  sight  U] 
any  ol)jcct  ofT  tlie  line  of  fire,  which  is  especially  useful  wl 

anv  direct  tariret  made  bv  tlie  eneniv  is  indistinct. 

•  *  f  • 

!>!>.    It  is  found  in  order  to  s(»cur(^  steadiness  of  the  carri 
that  the  time  eonsunie<l  in  rectnl  and  counter  recoil  must  be  m 
about    two    se(*on<]s.       The   oj Mirations   of   oi>ening,    loading 
eloMng  the  block,  and  tiring,  consume  about  one  second  only 
that  ])ractically  therefore  the  maximum  rapidity  of  unaimed 
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from  a  piece  of  this  description  is  about  three  seconds  per  round, 
or  twenty  rounds  per  minute.  After  the  trail  is  set  a  rapidity 
of  10  to  12  aimed  rounds  per  minute  can  be  maintained  for 
some  time.  As  compared  with  this,  the  3.2-inch  gun  would  fire 
not  more  than  about  two  rounds  per  minute. 

100.  The  weight  of  the  model  1902  carriage,  exclusive  of  gun, 
is  1,308  pounds,  as  compared  with  1,321  pounds  for  the  carriage 
of  the  3.2-inch  rifle,  which  is  remarkable  in  view  of  the  additional 
parts  in  the  new  carriage,  but  shows  how  much  the  essential 
parts  ill  the  old  carriage  which  are  still  retained  in  the  new  could 
he  lightened  and  yet  retain  sufficient  strength  for  service  by 
iutrodiicing  the  plan  of  recoil  of  the  gun  upon  the  carriage. 

101.  Four  rounds  of  annnunition'  are  carried  in  tubes  under 
the  axle  seats  to  be  ready  for  inmiediate  use,  and  36  rounds  are 
carried  in  the  limber,  Fig.  104.  The  gun  and  limber  complete 
\rith  ammunition  weighs  3,800  pounds,  giving  a  load  of  633 
pounds  per  horse  for  each  of  the  six  horses. 

101  The  organization  of  batteries  with  these  guns  will  com- 
prise four  guns  with  carriages  and  limbers,  and  12  caissons  and 
limbers.  The  caissons  carry  70  rounds  each,  and  their  limbers 
•it)  rounds,  making  a  total  of  1,432  rounds  for  the  battery,  or 
358  rounds  for  each  gun. 

Types  of  Guns^  Mounts  and  Breech  Mechanisms. 

103.  In  all  the  more  recent  typa  of  guns  a  continuous  move- 
ment of  breech  mechanism  in  opening  and  closing  the  block  is 
substituted  for  the  separate  operations,  one  to  unscrew  the  block 
and  tlie  other  to  withdraw  it,  formerly  required.  The  principal 
parts  of  the  breech  mechanism  are  the  spindle  with  mushroom 
>haped  head,  plastic  obturator  and  steel  split  rings  to  seal  the 
escape  of  gas;  the  block  with  its  threaded  and  smooth  sectors 
arranged  to  require  a  small  turning  movement  for  locking;  the 
parts  that  operate  to  turn  and  withdraw  the  block;  the  carrier 
(either  tray  or  ring)  that  supports  the  block  when  open;  the 
safety  attachments  that  prevent  firing  until  the  block  is  closed 
and  locked,  and  the  firing  mechanism. 

104.  Fig.  105  illustrates  the  more  modern  form  of  breech 
nechanism  in  the  6-inch  rapid  fire  gun,  model  1900.  This  gun 
rives  3,000  f.  s.  muzzle  velocity  with  100-pound  projectile,'  is 
Ltted  with  the  Stockett  breech  mechanism  and  a  firing  mechanism 
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for  CO iiibi nation  electric-friction  primer;  and  also  a  loading  trq' 
with  automatic  movement  which  rises  to  support  the  insertion  of 
the  charge  and  projectile  when  the  breech  is  opened,  and  filh 
to  clear  the  way  for  the  block  as  the  latter  is  closed.  The 
capacity  of  the  powder  chamber  in  this  gun  is  2,114  cubic  inches, 
as  compared  with  1,278  cubic  inches  in  the  model  18S)7  pio, 
which  was  designed  for  2, COO  f.  s.  muzzle  velocity. 

The  6-incli  IJofors  gun.  Fig.  lOG,  has  a  standard  muzzle  velofitv 
of  2,024  f.  fi.  with  lOO-pound  projectile.  The  most  interesting 
feature  of  the  gtm  is  the  breech  mechanism,  which  is  opened  and 
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II  Mechanisu,  6-inch  R.  P.  Gun.    Model  of  1900. 


closed  bv  a  single  iiiovcmcnt  anil  may  bo  operated  automaticallj 
oi-  by  lijtiid.  Tin-  projectile  recess  is  conical  in  shape,  mth  i 
large  and  convenient  o])ciiing  to  the  rear  for  loading,  and  is  fitted 
with  a  loading  tray  that  works  aiitnmatically.  The  mounting  a 
jiro\id<'d  with  two  sets  of  slights,  one  on  either  aide,  so  that  one 
man  cm  control  the  direction  and  another  the  sighting  in  eleva- 
tion for  rapid  firing.  In  trials  for  rapidity  at  will  10  rounds 
were  iireil  in  lli:i  iicconds  with  the  breech  operated  by  hand,  and 
30  rounds  in  O+.fi  seconds  wilh  the  breech  operated  automatic- 
ally. The  automatic  arrangenunt  is  complete  for  both  opening 
aiif!  closing  the  block.  The  opening  is  effected  by  the  recoi!  of 
the  gun  in  its  cradle,  which  at  the  same  time  compresses  a  sprii^ 
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and  i\  ciiUrh  holds  the  block  open.     On  releasing  tliis  catch  tbe 
spring    aiitoniatically    closes    tbe    block.     This    mechanism  hts 
worked   well  throughout.     The  automatic  feature  gives  only  a 
little  increase  in  ra])idity  of  fire,  but  has  the  advantage  of  saving 
!^pac(»  for  loading  and  dispensers  with  the  8er\'ices  of  one  man. 
Among  the  many  labor  and  time  saving  dences  now  attempted 
to  bo  introduced  for  tlie  service  of  guns,  which  arc  frequently 
ol>jectional)le   because   of   delicacy  and  increased  complication.^, 
the  I^ofors  automatic  breech  opening  and  closing  device  appears 
exceptional  for  distinctive  merit  and  certainty  of  operation.    To 
see  it  in  operation  one  experiences  the  same  sense  of  relief,  to     * 
a  degree,  n^  in  the  use  of  fixed  ammunition  in^itead  of  separate     I 
loading  in  the  rapid  fire  field  guns.     The  cannoneers  are  saved 
by  so  much  from  violent  and  rapid  exertion,   the  loading  pro- 
gresses more  smoothly  and  withal  with  increased  rapidity. 

lO.").  This  gun  has  been  fired  380  roimds  with  a  number  of 
pre-;sures  exceeding  50,000  ])ounds,  and  in  one  case  reaching 
nearly  70,000  pounds,  derived  from  charges  purposely  increased 
to  test  th(»  mechanism  or  the  behavior  of  various  lots  of  smoke- 
less powder  to  determine  if  there  existed  a  critical  point  of 
]>ressure. 

100.  Designs  have  been  nuule,  and  work  is  in  progress  to  apply 
]>lans  of  automatically  o])(»ning  and  closing  the  breech  block  to 
other  ra])id  fire  guns  and  to  guns  mounted  on  disappearing  car- 
riages. 

107.  The  U)-inch  gun.  Fig.  107,  is  at  present  mounted  upon 
the  ])ro()f  carriage.  It  has  been  recently  decided  to  make  for 
thi<  gun  a  I>uttington-Crozier  disappearing  carriage,  and  to  mount 
it  at  some  ])lace  on  tlie  coast  not  yet  designated.  The  piece 
lias  lieen  fire<l  (»ight  times,  using  the  first  sample  lot  of  DuPont 
nitrocellulose  smokeless  j)ow(l(»r  made  for  it,  with  charges  vary- 
ing in  weight  from  47)i)  to  O-IO  pounds  and  a  standard  weight  of 
projectile  of  *J,400  ]>ouiids.  liound  Xo.  6  with  G-tO-pound  chai^ 
gave  2,o4r)  f.  s.  muzzle  velocity  with  38,545  pounds  pressure  and 
muzzle  energy  l>l,r)00  foot  tons.  C\)lonel  Ingalls'  estimate  of 
the  maximum  range  of  this  gun,  provided  it  should  be  elevated 
for  firing  jit  an  angle  of  nearly  -\'2  degrees,  is  20.9  miles,  and  the 
maximum  ordinate  of  the  trajectory  30,516  feet,  or  above  5j 
miles.  The  battle  range  of  the  gun  with  an  elevation  of  10 
degrees,  which  may  be  given  on  the  disappearing  carriagCi  should 
be  about  1<>,000  yards,  or  over  0  miles. 
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108.  The  proof  firing  was  attended  with  entire  success.  J 
the  fourth  round,  with  a  full  charge,  a  velocity  of  2,317  f.  3.  «* 
obtained  with  30,700  pounds  pressure.  The  gun  was  design^ 
and  the  powder  sample  made  to  give  a  velocity  of  2,300  f.  8.  vith 
not  exceeding  88,000  pounds  pressure.  The  results  are  remiHf 
able  when  it  is  considered  that  the  charge  of  smokeless  powder 
exceeded  largely  any  that  had  been  heretofore  fired  from  a  gmu 

100.  The  influence  of  caliber  in  producing  power  is  sho^in 
that  the  muzzle  energy  of  the  16-inch  gun  is  2.4  times  that  of 
the  12-inch  rifle,  model  1895,  designed  for  the  same  muzA 
velocity.  The  12-inch  rifle,  model  1900,  ^vith  2,560  f,  s.  nrazA 
velocity,  gives  a  muzzle  energy  of  45,420  tons,  or  about  one-half 
that  of  the  IG-inch  gim.  In  actual  firings  the  12-inch  rifle, 
model  1900,  has  given  a  range  of  13,360  yards,  or  7^  miles  wid 
10  degrees  elevation. 

110.  Improvements  in  the  appliances  for  giving  elevation  t 
12-incli  mortars  comprise  several  designs  of  quadrants  pernu 
nently  fixed  to  the  ])iece  within  view  of  the  cannoneer  at  the  d 
vating  wheel,  and  also  a  range  scale  on  a  wheel  attached  to  tl 
elevating  axle.  Tlie  method  formerly  used,  the  quadrant  pla« 
on  flats  on  the  breech  of  i)iece,  and  requiring  the  gunner  to  gii 
orders  to  the  cannon(M»r  at  the  elevating  wheel  to  raise  or  low 
the  pierce  so  as  to  adjust  the  level  of  the  quadrant  was  slow  ai 
cumbersome.  AVitli  the  new  arrangements  the  elevation  is  givi 
by  bringing  i\w  pointer  to  a  fixed  point  on  an  arc,  and  does  u 
depend  upon  the  adjustment  of  the  level  bubble.  Fig.  108  sho 
the  12-inch  mortar  carriage,  model  1896,  with  improved  qu2 
rant  in  place  over  the  right  rimbase. 


Poivders. 

111.  Smokeless  powder  only  is  now  manufactured  for  t 
service*  of  all  guns,  and  the  black  or  sphere-hexagonal  and  bro 
prismatic  powders  are  discontinued  except  to  use  up  material 
liiuul  for  target  practict^  However,  a  quantity  of  fine  gr 
black  ]>o\v(ler  is  used  as  a  priming  charge  in  the  sniokel 
])o\\\l('r  cartridge.  Th(*  present  practice  makes  this  prim 
charge  '2.C}  of  one  ])or  eent.  of  the  smokeless  powder  charge,  J 
is  the  cause  of  producing  a  considerable  amount  of  smoke  in 
discharge,  particularly  with  the  large  gims. 
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112.  The  form  of  grain  now  in  use  is  a  multi-perforated  < 
inder  which  when  burned  in  the  open  air  gives  an  increading*  ^ 
face  of  combustion  until  the  circles  meet  in  burning  awf 
leaving  12  to  IG  per  cent,  of  the  grain  in  splinters  to  be  eo 
sumed  with  a  decreasing  surface  of  combustion.  Other  fon 
in  use  elsewhere  are  the  strip  and  the  hollow  cylinder  or  tubnl 
grain.  The  latter  burns  away  with  a  uniform  surface  of  co 
bustion,  and  this,  combined  with  its  facility  for  ease  of  loadi 
when  made  up  into  cartridges,  appears  to  make  it  the  most  de: 
able  form  to  use. 

11.3.  Xitrocollulose  powder  has  generally  displaced  that  c 
taining  nitroglycerine.  The  heat  produced  is  less  and  lar 
charges  are  required,  but  this  is  offset  by  the  decreased  ero: 
found  with  the  nitrocellulose  composition. 

114.  The  advantage  of  smokeless  over  the  brown  pow 
aside  from  the  question  of  smoke,  lies  in  the  fact  that  it  is 
converted  into  gas,  while  the  brown  and  black  powders  \ 
somewhat  more  than  one-half  the  products  of  combustior 
solid  residue.  All  the  properties  of  smokeless  powder  are 
as  yet  known,  and  there  is  a  large  field  for  investigation.  Ee 
experiments  have  shown  that  certain  lots  of  powder  at  least  1 
a  critical  point  of  pressure.  That  is  to  say,  the  pressures 
be  found  to  increase  n^gularly  according  to  a  certain  law  ' 
the  charge  up  to  a  ccM-tain  point,  beyond  which,  if  the  charf 
increased,  very  high  and  abnormal  pressures  may  be  encountc 
These  ex])oriments  have  been  purposely  made  with  clia 
greater  than  tlie  scM'vice  re(|uirements  in  order  to  investigate 
law  of  eritical  ])ressures. 

11 T).  Smokeless  ])ow(]er  requires  a  large  air  spacing,  and 
powder  cliamlMM's  of  guns  to  give  high  velocities  in  order  to 
tlie  large  charges  r(M[uired  for  this  must  be  made  corresi)ondi 
large.     There  is  one  size  of  powder  grain  best  adapted  to 
caliber  of  gnn,  and  nothing  is  gaine<l  by  increasing  the  sit 
in  effect  using  a  slower  burning  powder  for  that  gun.     A  la 
eharge  of  the  slower  burning  ])owder  would  be  required  to 
the  same*  velocity,  with  loss  of  eiliciency.     For  an  equal  wi 
of  charge  the  gas  will  have  a  longer  path  to  work  over  and 
inq^art  more  V(docity  to  the  ])rojeetile  the  nearer  to  the  bi 
tin'  ])r)wder  is  consumed  in  the  bore.     The  limit  for  mini 
size  of  grain  and  (piickness  of  burning  is  fixed  by  the  pre 
that  the  gun  will  su])port  in  the  powder  chamber,  and  the 
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lor  maximum  size  of  grain  may  roughly  be  evidenced  by  the 
iWnee  of  unconsumed  powder  on  firing. 

Projectiles. 

116.  The  present  approved  form  of  shrapnel  body  comprises 
*  steel  case  with  bursting  charge  in  the  base,  and  the  case  made 
strong  enough  to  eject  the  balls  after  the  manner  of  a  small  gun 
^'thout  nipture  when  the  bursting  charge  is  ignited.  The  base 
clarge  gives  an  increase  of  about  200  f.  s.  velocity  to  the  balls 
orer  that  of  the  shrapnel  at  the  point  of  burst.  The  cone  of 
iispe^^ion  is  about  9  or  10  degrees.  In  the  shrapnel  made  with 
the  bursting  charge  in  the  head  the  cone  of  dispersion  is  some- 
what greater.  The  velocity  of  the  balls,  however,  is  somewhat 
•etanled  by  the  burst  and  the  eflFective  range  is  materially  less 
han  that  of  the  shrapnel  with  bursting  charge  in  the  base. 

117.  The  common  form  of  armor-piercing  shot  and  shell  have 
apacity  to  perforate  about  one  caliber  of  hard-faced  steel  armor 
or  the  shot,  and  one-half  caliber  for  the  shell.  Both  are  to  be 
L<eil  in  our  service  charged  with  high  explosive.  The  12-inch 
hot,  for  example,  holds  23  pounds  and  the  12-inch  shell  68 
H>un(ls  of  explosive.  They  are  made  of  special  quality  of  steel 
•ontaining  chromium  or  manganese,  and  carefully  hardened  and 
emiH^red.  The  processes  of  manufacture  'are  held  as  trade 
iecrets  bv  the  different  makers.* 

11^.  Where  annor  penetration  is  not  required,  as  in  high  ex- 
plosive shell  for  the  field  and  siege  guns,  the  walls  of  the  shell 
are  made  as  thin  as  consistent  with  necessar}'  strength  to  with- 
stand the  crushing  effort  accompanying  discharge  from  the  gun 
so  that  a  maximum  charge  of  explosive  may  be  carried. 

110.  Recently  an  armor-piercing  projectile,  with  thickness  of 
wall  intermediate  between  those  of  the  present  shot  and  shell, 
lias  been  produced  ])v  the  Wheeler  Sterling  Company  of  Pitts- 
Imr^.  This  projectile,  by  virtue  of  the  improvements  in 
flianufacture,  has  the  same  armor-piercing  power  as  the  thick- 


*Fig8.  109  and  110  show  the  characteristic  bursting  effect  of  the  two  high 
opIosiTe  compounds  that  have  been  adopted  in  our  service.  The  projectUes 
nploded  were  12-inch  armor  piercing  shell,  which  weigh,  empty,  about  050 
fouds,  and  contain  about  G7  pounds  of  Maximite,  or  57  pounds  of  explosive  D, 
vHK  Frank  ford  Arsenal  detonating  fuze.  The  shell  were  buried  ten  feet  in  sand 
fcrexplonion,  and  the  fragments  afterwards  recovered  as  shown. 
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walled  sliot  and  costs  about  the  same  as  the  shot  hut  near 
as  imicli  as  the  present  sliell.  It  is  designed  to  replace 
present  projectiles  and  give  a  single  armor-piercing  projf 
good  Imrsting  chargt^  cn]>:icity  for  each  gun.  The  base 
projectile  is  cut  anay  to  alhuv  the  band  to  be  stripped  at 
in  perforating  amior  and  tluis  diminish  the  resistance  to 
tion  due  ordinarily  to  tlie  enlargement  of  the  diameter  of 
jectile  at  the  band.  1'lie  cap  is  assembled  by  means  oi 
forced  into  a  groove  made  partly  in  the  projectile  and  p 
the  cap  after  the  latter  is  in  place.  The  cap  of  the  prcs 
jectile  is  foreed  and  hainmertHl  into  a  groove  on  the  proji 
I'M.  A  striking  exani|>le  of  the  effect  of  low  tempers 
steel  plates  was  seen  in  firings  a  few  days  since  at  the 
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d.  8-inch  A.  P.  shell  were  fired  at, a  tempered,  nickel  steel 
I  feet  X  7i  feet  x  3  inches  thick,  backed  by  oak  timbers. 
mther  had  remained  at  a  temperature  approaching  zero  for 
.  days.  The  projectiles  were  fired  to  strike  the  plate  with 
vaiying  from  20  to  40  degrees  between  the  face  of  the  plate 
5  line  of  fire,  to  observe  the  effect  at  these  small  angles  on 
ta  and  also  to  test  the  relative  efficiency  of  capped  and  un- 
projectiles..  At  each  ronnd  the  cold  plate  was  badly 
i^  and  markedly  more  so  than  a  similar  plate  previously 
in  warmer  weather.  Thereupon  two  pieces  from  the  same 
rere  heated  to  a  temperature  of  100  degrees  or  more  and 
d  by  similar  projectiles.  In  both  cases,  although  the  plates 
)  were  smaller  than  before,  each  piece  was  dished  and  bent 
impact  of  the  shell  but  there  was  no  cracking.  These  tests 
)  far  negatived  the  report  received  from  English  sources 
e  uncapped  projectile  is  equal  in  proficiency  to  the  capped 
ile  at  very  oblique  angles  of  impact.  On  the  contrary  it 
5  that  the  capped  projectile  is  decidedly  superior. 

Accuracy  mid  Endurance  of  Guns. 

It  is  the  practice  of  the  Ordnance  Department  to  subject 
in  to  an  exhaustive  test  for  endurance  before  adopting  it 
)e  for  construction  and  introduction  into  service.  All  the 
lea-coast  guns  are  hooped  to  the  muzzle. 
The  estimated  tangential  resistance  of  the  8,  10  and  12 
ns,  that  is,  the  pressure  per  square  inch  which  can  be  sup- 
in  the  powder  chamber  without  exceeding  the  elastic  limit 
run,  is  about  52,000  pounds,  and  that  at  the  muzzle  about 
pounds. 

If  these  pressures  are  exceeded  a  permanent  set  of  the 
y  be  produced,  but  rupture  is  j)revented  by  the  ductility  of 
tl  and  the  gims  can  support  higlier  pressures.  The  stand- 
it  of  powder  pressure  for  the  eliarge  is  .*38,000  pounds  per 
iich^  or  about  73  per  cent,  of  the  elastic  resistance  of  the 

The  actual  limit  of  safe  pressure  for  these  guns  is  probably 
0,000  pounds  p(»r  scpuiro  inch.  But  one  case  of  ex- 
rapture  of  a  gun  of  tins  type  has  occurred  at  the  Sandy 
roving  Ciround  aside  from  experiments  with  explosives, 
s  a  10-inch  gim  in  March,  181)9,  using  an  experimental 
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smokeless  powder  whicb  proved  to  be  of  brittle  nature.  T 
breeeh  of  the  gun  was  destroyed.  Tbe  two  pressure  gauges  i^ 
tered  78,000  and  79,000  pounds  per  square  inch. 

125.  On  another  occasion  tbe  breech  block  of  a  5-inch gani 
stripped  under  an  estimated  pressure  of  70,000  pounds,  frii 
R.  F.  gun  No,  1,  model  181)7,  sustained  a  pressure  of  86,1 
poimds  as  registered  by  the  gauge,  which  resulted  in  wedging 
breech  block.  Various  calibers  of  the  guns,  including  the  12-u 
!mve  been  repeatedly  subjected  to  pressures  o£  50,000  pom 
and  in  exceptional  eases  considerably  higher  pressurea  nid 
serious  eflfect. 

126.  Tlic  type  guns  of  heavy  caliber  have  sustained  the 
lowing  number  of  rounds  for  endurance,  namely: 

Experimental  8-incIigiiD  Ko,  1,  West  Point  foiuidif SSSnnnda 

"  8'fnch  gun  No,  1,  Watarrliet  Anenal  type 890  rooD^ 

"  lO-inch  guD  No.  1,  Watervllet  Arnenal  type. .  .29S  loiinda 

"  I2-ioch  gun  No.  1,  Watervllot  AiBenal  type. .  .£85  ronndi 

and  tlie  types  of  12-inch  mortars,  models  1886  and  1890,  rei 
tivoly,  398  and  !t99  rounds.  Earring  erosion,  all  the  guns 
intact  except  the  second  8-inch,  in  which  longitudinal  crack 
peare<l  in  the  tube  near  the  muzzle  after  388  rounds 

127.  Plans  have  been  prepared  for  relining  the  10-incb 
No.  1,  by  a  half  tube  inserted  from  the  breech,  which  will  rei 
tlic  eroded  part  of  the  bore  and  should  render  the  gun  fit  1 
duplication  probably  of  its  first  record. 

128.  Tlie  following  accuracy  targets,  see  also  Fig.  Ill, 
part  of  the  record  of  the  gims  named : 
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Fio.  111.— AccuRAci  Targets,  10-  and  I2-incb  B.  L.  Riflks. 

Ift-inch  Crozier  wire  wouod  gun  and  round  283  in  the  10-inch 
forged  steel  gun.  Before  these  firings  the  guns  had  become  bo 
eroded  that  the  original  bands  on  the  projectiles  were  too  small  to 
9e»l  tho  projectile  or  take  the  rifling  properly,  New  and  enlarged 
bands  wore  uned  in  each  case  with  the  result  o£  restoring  the 
iccuracy  of  the  guna  practically  to  the  original  standard. 


The  Disappearing  Carriage. 

130.  The  utility  of  the  disappearing  carriage  as  a  system  was 
leriously  attacked  in  1890  by  the  Major  General  commanding  the 
irmy,  followed  by  the  Board  of  Ordnance  and  Fortification  over 
»hich  he  presided  at  that  time.  On  October  8,  1900,  the  Board, 
by  a  majority  vote  of  the  membfrs  present  at  the  time,  recom- 
mended  that  no  additional  disappearing  carriages  be  manufactured 
for  use  on  high  or  medium  sites,  and  that  no  more  should  be  mami- 
fsetnred  for  use  on  low  sites  until  the  proportion  of  those  to  be 
pliced  on  such  sites  should  have  been  reduced  to  one-third  of  the 
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total  iiiiinl)er  to  be  so  located.     The  objections  were  directed  gen- 
erally: tirst  to  the  use  of  disappearini]^  guns,  and  second  to  criti- 
ei.siiis  of  the  then  a(loi)ted  type  of  disappearing  carriage.    The 
objections  and  criticisms  on  both  points  have  been  very  fully  and 
completely  answered  by  papers  published  in  the  reports  of  the 
Chief  of  Ordnance,  V.  S.  Army,  for  1900,  appendix  32,  1901, 
aj>pendix  58  and  1JK)2,  appendix  1.     These  references  can  be  con- 
sulted by  any  desiring  to  acquaint  th(»mselves  with  all  the  bca^ 
ings  of  the  subject.     The  question  was  finally  settled  (appendix    • 
1,  li(»port  of  lJ)():i)  by  the  report  of  a  board  of  seven  members 
a])poiuted  by  the  President  pursuant  to  act  of  Congress.    The 
iiiembershi])  of  this  boar<l  comprised  Colonel  AVallace  F.  Kan- 
dolj)h,  Chief  of  Artillery;  Captain  Eugene  II.  C.  Leutze,  U.  S. 
Xavy;    ilajor   John    G,    D.    Knight,    Engineers   Corps;   Major 
Charles  Shaler,  Ordnance  Department;  Major  Albert  S.  Cum- 
mins,   Artillery    Corps;    Captain    AVilliam    II.    Coffin,    Artillery 
Corj)s;  ^Ir.  John  R.  Freeman,  of  Providence,  R.  I.,  with  Captain 
Piehmond  P.   Davis,   Artillery  Corps,  as  recorder.     The  l)oard 
was  directed  to   test  the  system  by  firing  not  only  the  thirty 
rounds  from  a  10-ineh  disappearing  gun  prescribed  by  CongrQis, 
but  also  thirtv  rounds  from  a  10-inch  barbette  and  ten  rounds 
( aeh  from  G,  8  and  10  inch  guns  mounted  on  both  disappearing 
and   l)arbette  carriages.     The  board  visited  five  artillery  posts 
and  fircfd  over  ir)0  rounds  with  full  service  charges,  and  in  con- 
clusion  recorded  its  opinion  that  the  general  mechanical  prin- 
ciples involved  in  th(*  chief  elenu^nts  and  movements  of  the  Buf- 
fington-Crozicr  disappearing  carriage  are  admirably  adapted  to 
th('ir  y)urj)()s('.     In  these  trials  30  continuous  rounds  were  fired 
from  the  lO-incli  disappearing  carriage  in  27  minutes  10  seconds. 
The  average   interval  between  rounds  being  54.3   seconds,  the 
shortest  interval  47  secotids. 

The  more  this  (question  is  studied  in  connection  "with  the  in- 
cr(»ased  aeeuraey  and  power  of  gun  fire*  from  shipboard  the  more 
reason  there  ap])ears  for  affording  the  best  possible  protection 
for  the  gun  and  its  mount,  an<l  the  gun  crew  as  well.  This  re- 
(juires  gnn<  to  be  niountcMl  either  on  disappearing  carriages  or 
(dse  to  be  thoroughly  ])roteeted  by  shields.  One  gun  that  can 
be  kept  in  action  at  a  critical  time  is  evidently  better  than  a 
nnnd)er  that  ar(»  so  exposed  as  to  be  silenced  or  seriously  dam- 
aged in  action.  The  straight  frotit  shield  usually  employed  on 
barbette  carriages  affords  a  very  limited  amoimt  of  cover,  and  a 
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shield  thin  enough  to  be  penetrated  by  shell  is  a  source  of  danger 
rather  than  protection. 

131.  The  ilhistration,  Fig.  112,  showing  an  Armstrong  gun  in 
the  Takau  forts,  China,  in  1900,  is  well  in  point.  They  were 
attacked  by  gunboats  carrying  rapid  fire  guns  only  at  ranges 
between  2,000  and  3,000  yards.  The  inner  sides  of  the  shields 
were  covered  witli  bloo^l  when  examined  after  the  capture  of  the 
forts,  and  around  one  gun  were  found  the  bodies  of  35  dead 
Chinamen.  One  gim  was  put  out  of  action  by  a  projectile  that 
entered  under  the  chase  and  injured  the  mechanism  of  the  ca^ 
riage.  This  is  the  same  pattern  of  shield  regarding  which  the 
testing  board  of  11)02  remarked,  "  With  the  non-disappearing 
Armstrong  carriage  with  shield  the  grmner  has  better  protection 
than  he  has  on  anv  other  mount  examined  bv  the  board."  The 
4.7-inch  Armstrong  gun  shiekls  have  a  thickness  of  4  inches  at 
the  front  and  one  or  two  inclies  on  the  flanks.  The  6-inch  Arm- 
strong carriage  shiehl  is  4 J  inches  thick  at  the  front.  The  qual- 
ity of  the  steel  is  such,  however,  that  even  the  fronts  can  be  pe^ 
f orated  by  5  and  0  inch  rapid  fire  gims  at  battle  ranges. 

132.  The  thickness  of  shields  prescribed  for  our  barbette  ca^ 
riages  is  IJ-inch  for  C-poundcr,  2  inches  for  15-pounder  and 
4^  inches  for  all  larger  calibers,  including  the  5  and  6  inch  rapid 
fire  and  the  sea-coast  barbette  carriages.  This  steel  is  required 
to  be  face-hard<med  of  the  best  quality.  The  curved  shield 
recently  tested  on  a  dummy  C-inch  barbette  pedestal  mount, 
model  1000,  is  madc^  of  fae(^-hardened,  Ilarveyized  steel  4J  inches 
thick.  It  was  able  to  keep  out  projectiles  of  5-inch  and  smaller 
calibers,  but  was  perforated  by  a  C-inch  projectile  fired  with  a 
reduced  velocity  to  simulate  a  battle  range  of  about  3,000  yards. 
The  cost  of  this  shield,  about  $10,000,  scarcely  compensates  for 
the  partial  j>rotection  it  affords.* 

13*5.  In  firing  from  a  disappearing  carriage  the  sighting  of  a 
gun  in  (lirecticai  and  elevation  is  given  before  the  gun  rises  into 
the  firing  position,  when  it  can  be  immediately  fired  and  the  gun 
remains  exposed  to  hostile  fire  for  a  few  seconds  only, 

*  Fig.  IVi  sliows  tho  6-iii(*li  barlx^tte  carriage  shield  with  the  axis  of  thsgui 
turned  60  degrees  from  the  line  of  observation  and  after  9  loands  had  been  fifed 
against  it,  namely,  one  3.2-inch;  five  5-iDch;  and  three  6>inch  projectiles.  The 
perforation  seen  in  the  side  exposed  to  view  was  made  by  a  6-inch  capped  A.P, 
shot  fired  with  a  striking  velocity  corresponding  to  aboat  8,100  yards  range  and  at 
an  angle  of  50.5  degrees  between  the  line  of  fire  and  a  tangent  plane  to  the  plate 
at  the  point  of  impact. 
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134.  A  very  important  attribute  of  the  disappearing  carriage 
besides  the  protection  of  the  gun  mount  and  gun  crew  from 
hostile  fire,  is  tli(»  eoneeahnent  it  affords  on  the  approach  of  an 
enemy  as  compared  with  a  barbette  carriage  and  shield.  When 
th(*  vicinity  of  tlie  disappc^aring  battery  is  masked  by  trees  or 
shrubbery,  wliieh  sliouhl  be  planted  if  the  natural  features  are 
ban',  the  disappearing  battery  becomes  moat  difficult  to  identify 
at  a  distance,  wliile  a  barbette  gun  is  always  in  evidence  and 
when  furnished  with  a  shield  becomes  very  conspicuous. 

135.  Tlie  model  1J)01  12-inch  disa])pearing  carriage^  Fig.  lU, 
is  controHed  by  ehctric  motors  in  manoeuvring,  and  combines 
other  improvements.  The  time  for  raising  into  battery  is 
reduced  to  about  six  seconds,  or  less  than  one-half  the  time  re- 
([uired  with  th(»  previous  models  of  12-inch  carriage.  The 
traversing  and  elevating  are  controlled  by  the  gunner  on  the 
sigliting  phitform  through  electric  motors,  and  the  telescopic 
sight  is  so  supported  in  a  l)racket  geared  with  the  elevating  ap- 
paratus of  th(*  gun  that  the  gunner  can  huuself  give  the  neces- 
sary elevation  for  range  witli  the  same  facility  as  with  gims  on 
]>edestal  mounts.  The  tcdescopic  sight  has  a  3-inch  triple  obj*H!- 
tive,  15-inch  focal  leni^th,  Brashcar-IIastings  erecting  prisms 
and  two  eye  pieces  giving  powers  of  12  and  20  with  a  field  of  ^ 
and  3  degrees  respectively.  Th(»  eye  end  of  the  telescope  will  be 
])rovi(l(Ml  witli  a  rack  an<l  pinion  for  focusing  and  with  adjustable 
cross  wires.  Small  electric  lights  are  ])rovided  for  night  use  to 
ilhiminate  the  scale  <liaphragm  in  the  telescope  and  the  deflection 
an<l  elevation  scales  of  th(*  instrument.  The  sight  includes  a 
ratig'.'  dnini  gratluatcd  in  yards.  These  sights  and  the  telescope 
are  furnished  by  the  iirm  of  AVarn(»r  &  Swasey,  Cleveland,  Ohio. 

Jltt/iuf/M  vf  lutiHje  F!n<llng  and  Fire  Control. 

13<L  The  methods  of  tire  direction  in  the  sea-coast  service 
include  three  case>.  One,  where  the  irunner  aims  directlv  at  the 
target  witli(nit  prc<licte(l  range  a!i<l  direction,  and  continues  to 
lire  as  rapi<lly  as  ))o>-iblc  by  observing  as  far  as  practicable  the 
ern»rs  of  previous  >liot<.  This  method  is  used  generally  with 
ra])id  lire  gini<.  Two,  where  the  gunner  gives  direction  to  the 
i::\\n  by  ob-rrviiig  the  target  through  the  tcdescopic  sijrht,  and  the 
gnn  is  elevated  to  giv(»  a  ]>re<liet(Ml  range  obtained  from  the 
rauge-tinding  instnnnents.     I'hree,  when  the  range  and  direction 
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are  both  obtained  by  the  range-finding  appliances  and  transmittd 
to  the  gun,  which  is  aimed  accordingly.  In  this  case  it  is  noi 
necessary  for  the  gunner  to  see  the  target.  The  case  applies  t( 
all  mortar  fire  and  to  the  special  case  of  salvo  points,  the  rang 
and  direction  of  which  are  known  beforehand,  and  the  guns  cai 
be  pointed  to  be  discharged  when  the  moving  target  reaches 
salvo  point.  Cases  two  and  three  are  of  most  general  applici 
tion,  especially  for  distant  fire. 

137.  The  ranges  are  first  obtained  by  either  the  deprcssio 
or  horizontal  base  range-finding  instruments,  and  by  means  ( 
a  plotting  board  and  accessories  in  the  battery  commander 
station  arc  reduced  to  the  position  of  the  gun  that  is  to  be  fin 
and  th(*u  transmitted  by  telephone  and  telautograph  to  the  ba 
tery  ofticer  at  the  gun.  AVhen  the  gun  is  reported  ready  f< 
tiring  the  battery  commander  discharges  it  by  pressing  an  electr 
button  at  his  station  connected  by  wire  with  the  firing  mechanis 
and  electric  primer  in  tlie  gun.  Should  the  electric  firing  h 
a  cannoneer  stands  ready  to  pull  a  lanyard  and  fire  the  primer  1 
friction.  In  case  of  a  n)oving  target  the  predicted  range  ai 
direction  sent  to  the  gun  are  calculated  to  set  the  gun  sufficient 
ahead  of  the  target  so  that  the  projectile  \vi\\  reach  the  tare: 
when  it  arrives  at  the  predicte<l  i)oint.  The  time  of  flight  of  ll 
proj(^ctile  is  necessarily  involved  in  this  prediction. 

138.  Tliis  is  a  very  brief  outline  of  the  methods  employe 
which  involve  in  practice  a  number  of  instruments  and  acc( 
sories,  and  a  very  complete  system  of  governing  rules  for  fi 
direction  and  for  fire  control  by  the  commander  of  a  group 
batteries. 

130.  Two  methods  of  measuring  ranges  are  employed.  On 
by  the  depression  range  finder  and  one  by  a  horizontal  base  vd 
azimuth  instruments  at  each  end.  The  depression  range  find 
being  complete  in  itself  afl^ords  much  greater  convenience  tbi 
the  horizontal  l)as(»  in  o])eration.  The  difficulties  with  the  ho 
zontal  ))ase  are  especially  great  in  recognizing  the  target;  that 
to  insure  that  b(>tli  ol)s('rvers  are  looking  at  the  same  vessel.  T 
limitations  in  the  accuracy  of  the  depression  instrument,  ho 
ever,  whicli  must  be  mounted  at  a  height  of  at  least  60  or  betl 
100  feet  above  sea  level,  coupled  with  the  difficulty  of  seeuri 
this  elevation  at  many  sea-coast  forts — unless  by  building  exp 
sive  and  very  conspi(*uous  towers — necessarily  lead  to  the  use 
the  horizontal  system  in  many  cases.     The  system   now  bei 
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out  is  based  upon  a  judicious  combination  of  the  two 
of  instniincnts. 

Tlie  Warnor  &  Swasey  depression  range  finder,  Fig,  115, 
n  constructed  wi(li  full  knowledge  of  the  requirements  of 
■ument  of  this  kind  and  fulfills  these  requirements  Letter 
y  other  known  instrument  for  the  purpose.  It  has  been 
it  the  Proving  Ground  as  well  as  by  artillery  officers  at 

posts  in  target  practice  and  is  now  being  supplied  in 
!  for  the  service.  In  effect,  when  the  instrument  in  any 
lation  has  been  adjusted  for  height  of  tide  and  for  refrac- 
enables  the  distance  to  a  target  to  be  read  directly  from 
il  scale  by  bringing  the  horizontal  cross-wire  on  the  water- 

the  object.  The  same  firm  has  also  designed  a  self-con- 
liorizontal  base  measuring  instrument.  A  model  of  one- 
size  vrith  a  base  six  feet  three  inches  long  has  been  tested 
itisfactory  results. 
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The  forty-ninth  mooting  of  the  American  Society  of  Mechanical 
Engin(M»rs  was  made  noteworthy  by  the  fact  that  it  was  a  joint 
m<*<*tin^  of  the  American  Society  with  the  Institution  of  Mechan- 
ical Engineers  of  Great  Britain.  The  Council  of  the  American 
S<>cioty  had  invnted  the  British  Institution,  by  a  formal  vote, 
rap;p:c»stinf]:  that  the  latter  body  make  their  spring  meeting  of  1904 
in  American  ^feoting,  with  a  view  of  visiting  the  great  exposition 
in  St.  Ix>uis  which  would  be  in  progress  in  commemoration  oi 
the  centennial  of  the  purchase  of  Louisiana  from  the  French  in 
1^03. 

This  in\ntation  was  cordially  accepted  by  the  Council  of  the 
Imttitution  of  Mechanical  Engineers  and  arrangements  were  at 
once  be^in  by  the  executive  officers  of  the  two  institutions  to 
eirry  out  the  common  purpose  of  such  a  joint  meeting. 


* 
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It  was  recognized  that  a  very  significant  feature  of  the  visit  of 
the  British  Engineers  to  the  United  States  would  be  the  oppo^ 
tunity  and  privilege  of  visiting  the  American  installations  ind 
study  American  practice  in  the  line  of  their  particular  inteiwti 

To  this  end  the  American  Society  had  organized  headqnarten 
in  the  various  cities  to  which  the  visiting  engineers  were  directed  j 
by  accrediting  letters,  and  through  which  channels  the  arrange  \ 
ments  for  the  local  visits  were  provided.  The  visiting  engineen  j 
had  come  to  America  sufficiently  far  in  advance  of  the  date  of  tha  j 
meeting  to  accomplish  their  purposes  in  part  before  the  meetings 
and  were  arranging  to  visit  other  cities  after  the  meeting. 

The  date  for  the  joint  meeting  was  set  for  May  Slst  to  June 
3rd,  and  in  the  city  of  Chicago,  rather  than  in  St.  Louis,  in  order 
that  the  advantages  might  be  reaped  from  the  ample  and  con: 
venient  hotel  acconmiodations  in  Chicago,  and  so  that  the  red 
business  of  the  meeting  might  be  completed  before  the  diatnc- 
tions  and  interests  of  the  exposition  should  compete  for  available 
time  of  the  visitors. 

Tho  headquarters  of  the  Society  were  opened  on  the  moming 
of  May  Slst,  in  a  room  in  the  Auditorium  Hotel,  and  it  became 
at  once  obvious  that  the  numbers  in  attendance  from  Americai 
and  British  sources  would  be  unusually  large.  The  total  registri: 
tion  during  the  four  days  exceeded  the  highest  figures  reached 
in  any  previous  gathering,  and  were  approximately  as  follows: 

Ainerican  Si)oiety 350 

British       *'  75 

Ijadics  ami  j^iests 5l8 

Total 943 

The  registration  system  was  carried  out  by  a  card  prineipleia 
multiple,  and  this  meeting  was  the  first  at  which  a  satisfactoi;^ 
method  was  use<l  for  the  carriage  by  each  member  of  his  nanw  i* 
a  feature  of  the  la])el  badge  of  distinction  of  member  and  gneefc 

Th(»  name  was  used  only  l)y  members  of  the  two  societies  and  M 
different  color  for  tlie  card  was  used  for  the  American  and  Brit- 
ish members.     The  plan  worked  smoothly  and  acceptably. 

Tlie  opening  day  was  given  over  to  incidental  excuraioxtf  t4 
the  imdergroun<l  subways  of  the  city  and  to  miscellaneoto  aa^ 
individual  interests. 

Tlie  first  session  was  arranged  to  be  held  in  the  Music  HaU  ^^ 
the  Auditorium  for  Tuesday  evening. 
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Opening  Sbssion.    May  SIst,  8.30  p.  m. 

The  first  session  was  held  in  the  Music  Hall  of  what  is  desig- 
ated  as  the  Fine  Arts  Building,  and  was  call^  to  order  by  Mr. 
Robert  W.  Hunt,  of  Chicago,  Chairman  of  the  Local  Committee. 
ii  the  platform  with  Mr.  Hunt  were  Mr.  Ambrose  Swasey, 
reddent  of  the  Society;  Mr.  J.  Hartley  Wicksteed,  president 
f  the  English  Institution;  Mr.  Edgar  Worthington,  secretary 
f  the  English  Institution,  and  Prof.  F.  R.  Hutton,  secretary  of 
le  American  Society. 

ifr.  Hunt  introduced  the  Comptroller  of  Chicago,  the  Hon. 
awrence  E.  McGann,  who  had  been  delegated  by  the  corporation 
►  represent  it  in  welcoming  the  engineers  as  guests  of  the  city. 
Mr.  McGann  spoke  in  detail  of  the  obligation  which  the  city 
fcognized  to  the  work  of  the  engineer,  and  referred  to  the  finan- 
al  obstacle  which  had  prevented  progress  in  these  directions  at 
le  rate  which  the  city  would  have  been  glad  to  follow. 
President  Swasey  of  the  American  Society  spoke  of  the  Society 
meting  once  again  in  Chicago,  referring  to  the  meetings  in  1886 
id  in  1893,  and  commenting  on  the  growth  of  the  Society  during 
lese  intervals  He  spoke  of  Chicago  being  the^  only  city  where 
le  Society  has  ever  held  three  of  its  mid-year  meetings  so  far. 
le  made  his  welcome  at  this  point  include  particularly  the  pleas- 
re  of  the  American  Society  in  welcoming  the  British  Institution 
)  a  joint  session  under  such  favorable  circumstances. 
President  J.  Hartley  Wicksteed  of  the  Institution  of  Mechani- 
al  Engineers  of  Great  Britain  expressed  his  pleasure  in  taking 
«rt  in  the  welcome  of  the  engineers,  and  gave  reference  to  the 
Measure  of  the  visitors  in  coming  to  the  various  cities  of  the 
-nited  States,  and  noting  the  differences  which  were  characteris- 
ic  of  them. 

At  the  close  of  the  responses  of  the  respective  presidents,  a 
wtter  was  read  from  Mr.  James  Forrest,  past-secretary  of  the 
hstitution  of  Civil  Engineers  of  Great  Britain,  in  which  he  ex- 
pressed  the  wish  that  the  joint  meeting  might  strengthen  the  bonds 
rf international  fellowship  and  social  imion  between  the  two  great 
hrtnches  of  the  English-speaking  race. 

At  the  close  of  the  formal  exercises  the  meeting  adjourned  to 
•li  informal  reception,  tendered  by  the  local  residents,  in  the  par- 
wRof  the  hotel,  at  which  a  light  collation  was  served,  and  which 
P'e  opportunity  for  the  members  to  renew  old  acquaintances 
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and  form  new  ones,  and  for  the  members  of  the  two  societies  t 
came  into  social  contact. 

Second  Session.    Wednesday,  June  Ist,  10  o'clock  a.  il 

The  second  session  was  called  to  order  in  the  large  ball-rooii 
of  the  Auditorium  Hotel  on  the  ninth  floor,  overlooking  the  lah 
The  mooting  was  called  to  order  by  President  Swasey  of  tb 
American  Society,  who  took  occasion  to  report  to  the  meednj 
the  action  of  the  Council  under  the  provisions  of  the  Constitution 
on  the  previous  afternoon,  whereby,  after  nomination  in  dw 
form,  Past-President  John  E  Sweet,  one  of  the  founders  of  tb 
Society,  had  been  elected  to  honorary  membership. 

He  spoke  in  fitting  words  of  Professor  Sweet  as  a  capable  man 
an  able  engineer,  and  that  if  any  living  member  of  the  Society  wi 
entitled  to  the  name  of  ^^  Father  of  the  Societv  of  Mechanica 
Engineers  "  it  was  the  member  whom  the  Society  had  honored 
and  in  honoring  whom  it  honored  itself.  The  announcement  o 
this  election  was  received  with  applause. 

The  Secretary  reported  for  record  the  Report  of  the  Teller 
of  Election  as  follows: 

report  of  tellers  of  election. 

The  undersigned  were  appointed  a  conunittee  of  the  Counci 
to  act  as  tellers  under  Bv-Laws  (>,  7,  and  8,  to  scrutinize  and  coun 
the  ballots  cast  for  and  against  the  candidates  proposed  for  mem 
bership  in  tlieir  several  grades  in  the  American  Society  o: 
Mechanical  Engineers,  and  seeking  election  before  the  Forty-nintl 
Meeting,  Chicago,  1904. 

They  have  mot  upon  th(?  designated  days  in  the  office  of  th< 
Society,  and  have  ])roceeded  to  the  discharge  of  their  duty.  Thej 
would  certify  for  formal  insertion  in  the  records  of  the  Societjj 
to  the  election  of  the  following  persons,  whose  names  appear  on 
the  app(»nded  list  in  their  several  grades. 

There  were  0()1  votes  cast  on  the  ballot  ending  May  14th,  1904, 
of  wliicli  50  were  thrown  out  on  account  of  informalities.  There 
were  51)0  votes  cast  on  the  ballot  ending  May  21,  1904,  of  which 
l\2  w(^re  thrown  out  becaust^  of  informalities.  The  tellers  hav© 
considered  a  ballot  as  infonnal  which  was  not  endorsed,  or 
where  the  endorsement  was  made  by  a  facsimile  or  other  stamp- 


Chakles  E.  Lucre,  )  ^  wt        ^  «•»  ^« 
XT         n   n  ^  \  Tellers  of  JSX^m, 


Henri  G.  Chatain,  ) 


\ 
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May  14,  1904. 


To  BE  Voted  for  as  Members. 


»V.M. 

Harris,  W.  A. 

Randall,  D.  T. 

?,  J.  D. 

Hood,  0.  P. 

Safford,  A.  T. 

J.J. 

Howells,  C. 

Sage,  H.  M. 

,  George 

Jenness,  C.  H. 

Sanborn,  F.  E. 

J.C.W. 

Kelman,  J.  H. 

Smith,  A.  L. 

1,  F.  E. 

Kenyon,  A.  L. 

Smith,  P.  F.,  Jr. 

W.S. 

Lafore,  J.  A. 

Stillman,  G.  F. 

,M. 

Larkin,  W.  H.,  Jr. 

Teele,  F.  W. 

p:ton,  P.  J. 

Lenfest,  B.  A. 

Toltz,  M.  E.  R. 

G.  K. 

Lord,  J.  E. 

Trampe,  J.  A.  C.  L.  de 

r,H. 

MacMurray,  J.  T. 

Walker,  G.S. 

r,  W.  O. 

Meier,  K. 

Wells,  E.  C. 

•d,  VV.  P. 

Metcalf,  L. 

W^eUs,  J.  H. 

rd,D. 

Muckle,  J.  S. 
Powell,  J.  E. 

Wolf,  F.  W. 

For  Promotion  to  Full  Membership. 

,  B.  N.  Hannah,  F.  A.  Logan,  J.  W. 

Marks,  L.  S.  Wallace,  D.  A. 

To  be  Voted  for  as  Associates. 


[e,3.\\. 

Ludeman,  E.  11. 

Parkhurst,  F.  A 

oil,  W. 

Merrill,  J.  L. 

Rippey,  S.  H. 

Horace 

Norton,  F.  L. 

Williams,  G.  W. 

i.j. 

Noyes,  II.  T.,  Jr. 
O'Neil,  J.  G. 

Woods,  F.  F. 

For  Promotion  to  Associates. 


?v,  J.  H. 


Bobbins,  C.  C. 


To   HE  Voted  for  as  Juniors. 


linphani,  H.  H. 
.y.H.B. 
ericK**,  H. 
ley,S.  W. 
on,  E. 
tt,W.  L. 
e«>w,  C.  L. 
.•«oii,  P. 

?y,r.  r. 

ticy,  L.  n. 

:,  k.  S. 


Knowlton,  F.  K. 
Locket t,  K. 
Massie,  J.  H. 
Matthews,  F.  E. 
Morgan,  L. 
Murphy,  J.  K. 
Nate,  E.  H. 
Newliury,  G.  K. 
Norris,  U.  L. 
Powell,  E.  B. 
Bantenstra»ic]i,  W, 
Bichards,C.P 


Schaeffer,  S. 
Schlemmer,  E. 
Scott,  E.  F. 
Slawson,  H.  H. 
Snodgrass,  J.  McB. 
Sponsler,  C.  F. 
Stacy,  H.W. 
TownstMul,  H.  P. 
Wachalofsky,  C.  J. 
Woodward,  R.  S.,  Ji. 
Young,  C.  H. 
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May  2l8T,  1904. 


To  BE  Voted  for  as  Members. 


Bennett,  C.  W. 
Clemens,  A.  B. 
Corbett,  R.  H. 
Elmes,  C.  W. 
Haven,  H.  M. 
Holdsworth,  F.  D. 


Jones,  B.  N. 
Loomls,  B.,  Jr. 
Lucas,  H.  M. 
Massa,  R.  F. 
Monteaglc,  R.  C. 
Nicholson,  S.  T. 
Reid,  Joseph. 


Bivett,  Eldwaid. 
Schulte,  G.  H. 
Slade,  A.  J. 
Smith,  E.  J. 
Stivers.  W.  D. 
Taylor,  C.  L. 


For  Promotion  to  Full  Membership. 


Belsley,  Clay. 
Bouton,  G.  I. 
Collier,  W.  H. 


Doty,  Paul. 
Hutchison,  R. 
Jacobs,  Ward  S. 
King,  J.  H. 


Price,  A.  M. 
Watts,  Geo.  W. 
WMtaker,  H.  E 


To  be  Voted  for  as  Associates. 


Beebe,  M.  C. 
Garred,  U.  A. 
Hill,  H.  H. 


Nelson,  J.  W. 
Obert,  C.  W. 


Pond,  H.  O. 
Stevens,  H.  L. 
Van  Winkle,  £. 


Langoltz,  Robt. 


For  Promotion  to  Associate  Membership. 


Morrison,  H.  S. 


To  be  Voted  for  as  Juniors. 


Barnard,  E.  E. 
Chastcncy,  CD. 
Cobleigh.H.R. 
Gardner,  Henry 


Heaton,  H.  C. 
Hodge,  Geo.  O. 
Horton,  W.  H. 


Knoop,  T.  M. 
Midgley,  F.  W, 
Sibley,  M.  M. 
Sibson,  H.  E. 


Under  the  provisions  of  the  Constitution  and  By-Laws,  the 
Chairman  announced  these  gentlemen  in  the  foregoing  list  to  be 
duly  elected  to  membership  in  their  respective  grades. 

]\rr.  Wilfred  Lewis,  Chairman  of  the  Commitee  on  Standard 
Forms  of  Machine  Screws,  reported  in  a  letter  that  very  satisfac- 
tor\'  progress  had  been  made,  and  the  committee  confidently  ex- 
pected to  complete  its  work  in  ample  time  for  the  presentation  of 
a  report  at  the  annual  meeting  of  the  Society  in  December. 

The  Chair  then  called  upon  the  Committee  representing  the 
Soci(»ty  in  the  planning  and  labor  concerning  the  proposed  en- 
gineering building  which  !Mr.  Andrc\^  Carnegie  had  projected  for 
the  use  of  the  societies  who  should  take  part  in  its  advantages. 
This  report,  in  the  absence  of  other  representatives  of  the  Societyi 
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was  presented  by  the  Secretary,  and  is  made  a  special  appendix  to 
the  Proceedings  of  this  meeting. 

At  this  point  the  President  called  for  new  business,  motions 
and  resolutions. 

Mr.  Fred  J.  Miller,  of  New  York,  presented  at  this  point  a  pro- 
posed amendment  to  the  method  of  amending  the  Constitution  of 
the  -Society.     The  debate  on  this  amendment  was  as  follows: 

Mr,  Fred  J.  Miller. — In  accordance  with  paragraph  59  of 
the  Constitution,  I  wish  to  offer  an  amendment  to  that  para- 
graph. Perhaps  I  had  better  read  the  paragraph  as  it  is  in  the 
Year  Pook,  so  that  if  any  discussion  takes  place  we  may  discuss 
it  intelligently.  May  I  do  that? 
President  Swasey. — As  you  please. 

Mr.  Fred  J.  Miller  (reading). — "  At  any  semi-annual  meeting 
of  the  Society  any  member  may  propose  in  writing  an  amendment 
to  this  Constitution.  Such  proposed  amendment  shall  not  be 
voted  on  at  that  meeting,  but  shall  be  open  to  discussion  and  to 
such  modification  as  may  be  accepted  by  the  proposer.  The  pro- 
posed amendment  shall  be  mailed  in  printed  form  by  the  Secretary 
to  each  member  of  the  Society  entitled  to  vote^  at  least  sixty 
days  previous  to  the  next  annual  meeting,  accompanied  by  com- 
ment by  the  Council,  if  it  so  elects.  At  that  annual  meeting  such 
proposed  amendment  shall  be  presented  for  discussion  and  final 
amendment,  and  shall  subsequently  be  submitted  to  all  members 
entitled  to  vote,  provided  that  twenty  votes  are  cast  in  favor  of 
such  submission."  That  means  twenty  votes  at  that  meeting. 
**  Tbe  final  vote  on  adoption  shall  be  by  sealed  letter-ballot,  clos- 
ing at  twelve  o'clock  noon  on  the  first  Monday  of  March  fol- 
lowing." 

Paragraph  58  reads: 

**  The  letter-ballot,  accompanied  by  the  text  of  the  proposed 
amendment,  shall  be  mailed  by  the  Secretary  to  each  member 
of  the  Society  entitled  to  vote  at  least  thirty  days  previous  to  the 
closure  of  the  voting.    The  ballots  shall  be  voted,  canvassed  and 
announced   as  provided  in  the  By-Laws.     The  adoption  of  the 
amendment  shall  be  decided  by  a  majority  of  the  votes  cast.     An 
amendment  shall  take  effect  on  the  announcement  of  its  adop- 
tion by  the  presiding  officer  of  the  semi-annual  meeting  next  fol- 
lowing the  closure  of  the  vote." 

I  call  attention  to  tha  fact  that  according  to  this  paragraph  of 
the  Constitution  if  a  member  propose  any  amendment  to  'the  Con- 
ftitntion  he  need  not  secure  the  approval  of  any  other  member 
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of  the  Society.  It  does  not  even  require  that  the  proposed  amend- 
ment shall  bo  seconded.  If  it  is  merely  proposed  at  a  semi-anniul 
meeting,  in  Avriting,  though  it  may  then  be  discussed,  a  vote  upon 
it  is  prohibited  at  that  time;  it  may  only  be  discussed  and  tlie 
proposer  may  accept  amendments  if  he  choose,  but  no  matter  if 
he  is  unable  to  secure  the  approval  of  a  single  other  member  of 
the  Society  for  the  proposed  amendment,  the  Secretary  is,  neve^ 
theless,  compelled  to  print  it,  at  the  expense  of  the  Society,  and 
to  send  it  to  every  member  of  the  Society  to  be  voted  upon.  Then 
it  must  come  back  to  the  Secretary,  must  be  again  discussed,  and 
if  it  then  receive  twenty  votes  in  the  meeting  it  must  be  again 
sent  out  to  every  member  to  be  voted  upon  a  second  time,  and, 
if  it  then  receives  their  approval,  it  is  adopted.  Now,  in  case 
no  amendment  is  made  at  the  second  presentation  of  the  amend- 
ment, that-  is,  if  no  modification  of  it  is  made,  the  Society  is 
placed  in  the  position  of  sending  out  to  the  full  membership 
identically  the  same  thing  to  be  voted  upon  a  second  time.  That 
is  to  say,  though  it  has  been  sent  out  once  and  approved,  it  must 
be  again  sent  out  for  a  second  vote,  even  though  no  alteration 
whatever  may  have  been  made. 

In  place  of  those  tw^o  paragraphs  I  propose  the  following: 

Amendment  to  the  CoNsrrruTiON. 

"At  any  semi-annual  meeting  of  the  Society  any  member  may  propoflein 
writing  an  amendment  to  this  Constitution.  Such  proposed  amendment  flinD 
then  be  o\yeu  to  discussion  and  to  such  modification  as  may  be  accepted  by  thB 
proposer,  and  if  it  then  receives  in  its  favor  20  votes  from  among  the  m«nbe!i 
present  it  shall,  at  least  60  days  previous  to  the  next  annual  meeting,  be  nuuled 
in  printed  form  by  the  Secretary-  to  each  member  of  the  Society  entitled  to  vote, 
accompanied  l)y  connnments  by  the  council  if  it  so  elects.  The  vote  upon  the 
amendment  shall  be  by  st»aled  letter  ballot  closing  at  10  A.M.  on  the  firrt  diy  oi 
the  annual  meet  in  j^  first  succeeding  the  semi-aimual  meeting  at  which  the  amewl- 
ment  was  propositi.  The  ballots  shall  be  voted,  canvassed  and  announced  tf 
provided  in  the  by-laws,  and  if  a  majority  of  the  votes  cast  are  in  favor  of  the 
amendment  it  shall,  after  declaration  of  that  fact  by  the  preading  officer  Iheie- 
upon  take  effect  and  be  in  force." 

It  seems  to  me  that  tliis  amendment  obviates  the  diiflSculty  mt< 
which  this  clause  of  the  Constitution  as  it  now  stands  may  lead  us 
I  have,  I  mav  sav,  some  other  amendments  which  I  think  shoul< 
be  made,  but  I  do  not  pn^sent  them  now,  because  I  do  not  wish  v 
propose  them  under  this  law  as  it  now  stands,  as  I  would  *^ 
compelle<l  to  |)ro[)os(»  them  without  their  having  received  the  «P 
proval  of  any  other  member,  and  I  wish  simply  to  get  this  undc 
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ly  in  order  that  neither  myself  nor  any  other  member  who 
ishes  to  propose  an  amendment  may  be  compelled  to  propose 
in  the  manner  in  which  the  Constitution  now  requires  it  to  be 
)ne. 

Premdent  Swasey, — Gentlemen,  you  have  heard  the  amendment 
poposed  by  Mr.  Miller,  which  i«  now  open  for  discussion.  What 
a?e  you  to  say  in  regard  to  it? 

Mr,  R.  H.  Soule, — Having  been  a  member  of  the  Committee  on 
le  Revision  of  the  Constitution  I  am  familiar  with  the  circum- 
tances  and  considerations  which  led  up  to  the  adoption  of  the 
articular  clause  which  it  is  now  sought  to  amend;  there  was  not 
ne  article  of  the  entire  Constitution  and  By-laws  for  which  so 
aany  alternative  arrangements  were  offered  as  this  one;  the  com- 
QJttee  spent  a  great  deal  of  time  in  discussing  the  best  method  of 
irnonding  the  Constitution,  and  finally  decided  on  the  form  which 
las  since  been  adopted ;  and  the  underlying  principles  in  reaching 
hat  conclusion  were  these : 

First  of  all  it  was  considered  wise  to  give  every  member  of 
Ills  Society  a  right  to  stand  up  on  this  floor  and  to  suggest  an 
imendnient  to  the  Constitution,  and  it  was  purposely  made  to  read 
•0  that  it  was  not  necessary  for  him  even  to  secure  a  second;  it 
ftas  considered  that  it  ought  to  be  the  fundamental  right  of  every 
man  to  submit  an  amendment  to  the  Constitution,  and  at  least 
:Iaim  a  hearing  for  it;  the  other  idea  was  that  it  would  be  a 
Jound  princi])le  that  the  main  debate  on  that  proposed  amendment 
^honld  be  precipitated  into  the  arena  of  discussion  at  the  annual 
meeting  of  the  Society;  the  fact  is  recognized  that  the  annual 
meeting  is  always  the  largest,  and  tlieref ore  it  is  the  one  at  which 
It  may  be  assumed  that  an  amendment  would  receive  the  most 
careful  consideration  and  at  the  hands  of  the  largest  proportion 
of  the  membership. 

That  is  the  logic  which  pervaded  the  minds  of  the  members 
of  the  Committee  on  Revision  of  the  Constitution,  and  which  led 

"p  to  their  suggestion  of  that  particular  clause  which  it  is  now 

proposed  to  amend. 
Mr.  Fred  J.  Miller. — In  regard  to  what  Mr.  Soule  says  as  to  the 

right  of  every  member  to  propose  an  amendment,  I  would  be 

^»pla?t  (me  to  deny  that  right,  for  I  most  thoroughly  believe  in  it; 

•'"t  I  call  attention  to  the  fact  that  my  amendment  toes  not  really 

mdfTQ  tiie  right  of  a  member  to  propose  an  amendment;  he  still 

^  the  right  to  propose,  but  there  is  no  use  in  putting  the  Society 
the  expense  of  printing  his  amendment  and  sending  it  out  to 


L 


430  PROCEEDINGS  OF  THE 

the  membership  if  he  cannot  get  twenty  members  to  agree  with 
him  that  the  amendment  is  a  desirable  one;  because  it  is  then 
morally  certain  that  his  amendment  cannot  be  adopted,  and  the 
bother  and  expense  of  the  general  vote  will  be  to  no  purpose. 

I  have  studied  the  Swiss  Initiative  and  Eeferendum  to  some 
extent.  Any  citizen  of  the  Swiss  Republic  has  a  right  to  pro- 
pose a  law,  but  it  is  there  clearly  seen  that  it  would  be  folly  to 
arrange  so  that  any  Swiss  citizen  could  simply  write  out  a  proposed 
law,  and  that  it  sliould  then  be  immediately  submitted  to  eveiy 
member  of  the  (lovermnent  to  be  voted  upon.  The  Sv^iss  Consti- 
tution r(»qiiir(»s  that  the  proposer  of  the  law  shall  have  back  of  it 
the  snj)port  of  a  certain  number  of  citizens  first  secured  by  the 
proposer.  That  is  what  we  want  here.  Another  point  which  occurs 
to  me  is  this:  That  an  amendment  may  be  sent  out  to  the  membe^ 
ship  to  be  voted  upon,  and  it  may  be  approved  by  them;  the  mem- 
bers expressing  their  desire  to  have  the  Constitution  so  amended, 
and  yet  that  amendment  comes  up  in  the  next  annual  meeting  of 
the  Society,  and  is  discussed  if  at  that  time  it  fails  to  receive 
twenty  votes,  the  will  of  the  Society  is  set  aside,  i.e.,  although 
the  membership  at  large  has  voted  in  favor  of  the  amendment 
it  cannot  be  adopted,  simply  because  it  cannot  be  sent  out  for  i 
second  vote  by  the  membership  at  large.  I  do  not  think  that  is 
right. 

Prrsidcnt  Sirasq/. — Ts  there  any  further  discussion?  If  not, 
th(*  amendment  \vi\\  take  the  regular  course  laid  down  by  the 
(Constitution. 

Xo  other  new  business  being  presented  the  meeting  took  up 
the  professional  papers  as  follows: 

The  pjiper  by  ^Fr.  ITarrington  Emerson  on  "  A  Rational  Basis 
for  Wages  "  was  discussed  by  ]\ressrs.  Emerson  Bainbridge,  E.  J» 
Chamb(M's,  and  J.  Hartley  AVicksteed  of  the  British  Institution) 
and  ;Mr.  II.  II.  Suplee  of  the  American  Society.    ^ 

Two  papers  presented  l)y  British  authors  were  then  read  by 
the  Secret  a  rv  of  the  British  Institution. 

Tlie  paper  by  ^fr.  George  AVatson  was  entitled  "  The  Burning 
of  Town  Kefuse,''  and  the  paper  by  "Nfr.  C.  Newton  Russell  was 
entitled  ''  Refuse  Destruction  by  Burning,  and  the  Utilization 
of  Heat  Oenerat(Nl."  Presi<leut  Wicksteed  opened  the  discus- 
sion, whicli  was  participated  in  by  Mr.  Alfred  Saxon,  Mr.  Charles 
Wicksteed,  and  Mr.  G.  K.  Dunell  of  the  British  Institution. 

At  the  close  of  tlu^e  pa])ers  the  meeting  took  a  recess  until  the 
evening  of  the  same  day. 
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Thibb  Session.    Wednesday  Evening,  June  Ist,  8.30  p.  m. 

The  third  session  was  called  to  order  in  the  Music  Hall  of  the 
ine  Arts  Building  by  President  Ambrose  Swasey.     The  papers 
{  this  evening  were  specifically  devoted  to  the  Power  Plant  * 
?Tobleni  and  Practice,  especially  on  the  development  of  the  steam- 
turbine.     In  the  discussion  of  the  three  papers,  Messrs.  Storm 
BuU,  George  I.  Kockwood,  D.  S.  Jacobus,  H.  H.  Suplee,  George 
W.  Colles,  H.  L.  Doherty,  and  Alex.  Dow  took  part.     Messrs. 
Hodgkinson,  Rearick,  Rice,  and  Kerr  spoke  in  the  closures.    The 
M  titles  of  the  papers  were  as  follows :  "  Some  Theoretical  and 
Practical  Considerations  in  Steam-Turbine  Work,"  by  F.  Hodg- 
kinson; "  The  De  Laval  Steam-Turbine,"  by  E.  S.  Lea  and  E. 
Meden;   "The   Curtis  Steam-Turbine,"   by  W.   L.   R.   Emmet; 
"Different  Application  of  Steam-Turbines,"  by  A.  Rateau;  "  The 
Potential  Efficiency  of  Prime  Movers,"  by  C.  V.  Kerr, 

Fourth  Session.     Thursday  Morning,  June  2nd. 

The  session  was  opened  by  the  presentation  of  two  papers  on 
the  Tall  Office  Building  Problem,  by  Messrs.  Bolton  and  J.  H. 
Wells.  These  papers  were  respectively  entitled  "  The  Power 
Plant  of  the  Tall  Office  Buildmg,"  and  were  discussed  by  Messrs. 
Bryan,  Colles,  Rockwood,  Suplee,  Bunnell,  Gifford  and  Mr.  Nistle 
of  the  American  Societv. 

The  next  paper  was  from  the  English  Society,  and  was  en- 
titled ''  The  ^Middlesbrough  Dock  Electric  and  Hydraulic 
Power  Plant,"  discussed  by  Messrs.  Barr,  Alfred  Saxon,  and 
•l<»hn  Etherington;  the  paper  entitled  ^*  Use  of  Superheated  Steam 
Mil  of  Reheaters  in  Compound  Eiigiiu^  of  Large  Size,"  by  Mr. 
Lionel  S.  Marks,  was  discussed  bv  ^lessrs.  Barrus,  Kerr,  and  Rock- 
wood.  The  paper  by  Mr.  William  P.  Flint,  entitled  "  Commercial 
(^as  Eiigin<*  Testing  and  Proposed  Standard  of  Comparison,"  was 
diwussed  by  Messi^s.  ^fathot  and  Chambers  of  the  English  Society, 
and  Professor  Jacobus  of  the  American. 

At  the  close  of  the  discussion  the  meeting  took  a  recess  until  the 
final  session  on  Friday  morning. 

Final  Session.     Friday  Morning,  June  3bd. 

The  Joint  Meeting  was  the  guest  for  this  session  of  the  Lewis 
nstitute  of  Chicago,  West  Madison  and  Kobey  Streets.  The  ses- 
ion  was  introduced  by  the  presentation  by  Secretary  Worthing- 
an,  an  behalf  of  Mr.  William  Campbell,  of  the  report  of  the 
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Institution's  committee  on  "  Effects  of  Strain  and  Annealing," 
prepared  by  Dr.  William  Campbell.  This  report  was  presented 
in  abstract  by  the  use  of  lantern  slides  projected  upon  a  screen. 

Following  the  presentation  of  this  report,  which  was  comr  ' 
mented  on  by  President  Wicksteed,  the  paper  by  Mr.  Willism 
J.  Keep  was  read  on  "  Cast-Iron,  Composition,  Strength  and 
Specifications,"  which  was  discussed  by  Messrs.  West  and  Eme^ 
son  of  the  American  Society  and  Mr.  Chambers  and  Mr.  Crosti 
of  the  British  Institution. 

At  this  point,  President  AVicksteed  took  the  chair  for  the  pres- 
entation of  the  paper  by  Prof.  J.  T.  Nicholson  on  "  Experi- 
ments with  a  Lathe-Tool  Dynamometer,"  which  was  presented  by 
Mr.  Daniel  Adamson  of  Manchester,  England,  with  whom  he  had 
been  associated.  In  the  discMission,  Messrs.  Wicksteed,  Emewon. 
McGeorge,  Benjamin,  and  Pilton  took  part. 

President  Swasey  of  the  American  Society  resumed  the  chair 
for  the  i)resentation  of  the  papers  on  locomotive  testing,  by 
Messrs.  Hitchcock  and  Goss,  respectively,  entitled:  ''  Locomotive 
Testing  Plants,"  by  Prof.  W.  V.  M.  Goss;  "  Koad  Tests  of  Con- 
solidation Frcigiht  Locomotives,"  by  Prof.  E.  A.  Hitchcock. 

Messrs.  Bement  and  Worthington  took  part  in  the  discussion. 

AVith  this  group  of  papers  the  presentation  of  technical  mat- 
ter was  completed. 

Director  Carnu^n  of  the  Le\ns  Institute  introduced  at  this 
point  the  Hon.  C.  C  Kolilsaat,  Judge  of  the  United  States  Court 
in  Chicago  and  president  of  the  Board  of  Trustees  of  the  Lewis 
Institute.  Judge  Kolilsaat  expressed  the  pleasure  of  the  Trustees 
of  the  Institute  in  having  the  body  its  guests  for  the  morning, 
and  referred  in  brief  to  the  d(?sire  of  the  Institute  to  make  itself 
useful  in  the  spn^ad  of  engineering  education  and  in  fitting  young 
men  to  carrv  on  the  w(H'k  of  the  world  in  industrial  lines, 

]\rr.  Kobert  W.  Hunt  spoke  in  feeling  words  of  the  deatb 
during  the  progress  of  the  convention  of  Mr.  David  R.  Fraser, 
a  veteran  mendx'r  of  the  Society  resident  in  Chicago,  who  had 
been  a  member  of  the  Local  Committee  of  Arrangement,  and 
who  was  a  foremost  representative  of  the  industrial  interests  of 
the  citv.  L)u(»  memorial  action  was  to  be  taken  bv  the  Society 
in  its  publislied  volume  of  Transactions. 

President  Swasey  at   this  point  read  from  the  chair  the  fol- 
lowing minute: 

The  Anioricaii  Society  of  Mechanical  Knjrinecrs,  spealdng  for  its  own  memben, 
dci^ires  at  the  n\itsot  to  record  \i<  pleasure  in  the  fortunate  outcome  of  itspU&fl 
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h  have  brought  the  Institution  of  Mechanical  Engineers  from  England  to 
8  guests  and  co-workers  in  the  pleasures  and  labors  of  its  Chicago  Convention, 
as  a  happy  thought  of  Mr.  James  Rowan  of  Glasgow  to  present  to  the  Ameri- 
1  the  possibility  of  holding  a  meeting  of  the  Institution  in  the  United  States. 
I  with  great  pleasure  that  the  Americans  have  been  permitted  to  receive  so 
ly  members  of  the  Institution  and  to  take  them  into  all  the  elements,  both  pro- 
ional  and  social,  of  such  a  successful  convention.  The  Americans  hope  that 
r  guests  will  carry  home  with  them  a  still  more  earnest  recognition  of  the  fact 
\,  the  two  branches  spring  from  a  common  stock  by  race  and  language,  and 
t  the  laws  and  practice  of  engineering  must  necessarily  be  one  on  both  sides 
he  Atlantic. 

At  the  close,  President  Wieksteed  of  the  British  Institution 
«  and  took  the  chair,  and  presented  the  following  minute  on 
lalf  of  the  British  Society: 

"he  Institution  of  Mechanical  Engineers,  as  represented  by  its  President, 
mcil,  visiting  members  and  Secretary,  desires  to  take  occasion  on  this  last 
ion  of  the  joint  meeting  to  pass  a  resolution  which  shall  convey  to  the  Ameri- 
Society  the  warm  thanks  and  recognition  which  they  desire  to  express  for  all 
t  has  been  done  for  their  pleasure  and  profit  during  the  American  visit  of 
Institution.  They  desire  to  thank  the  Council  of  the  American  Society  and 
executive  officers  who  represent  it  for  courtesies,  official  and  personal,  and 
the  arrangenient-s  which  have  been  made  for  them,  the  visiting  engineers,  to 
re  opportunities  of  studying  American  industry  in  its  home  field. 
rhe  Iimtitution  desires  further  to  record  the  pleasure  its  members  have  de- 
ed from  the  attentions  and  opportunities  which  have  been  extended  to  them 
ring  their  stay  in  Chicago,  and  in  their  joint  participation  in  the  Chicago 
seting.  Tlie  visitors  ask  that,  in  the  resolutions  of  thanks  for  specific  things 
lirh  are  alK)ut  to  be  presented  to  the  joint  meeting,  they  may  be  particularly 
eluded,  and  that  they  as  well  as  the  society  may  be  identified  with  these  resolu- 
ns. 

At  the  close  of  this  action,  the  Secretary  of  the  American  So- 
'tv  presented  on  behalf  of  both  organization  the  following  reso- 
tions  of  thanks  and  recognition,  which  were  unanimously 
opted  : 

.  Resolved,  That  the  American  Society  of  Mechanical  Engineers  and  the 
titution  of  Mechanical  Engineers  desire  to  express  to  the  City  of  Chicago  and 
ity  Goveniment  the  sincere  thanks  of  the  joint  meeting  for  their  courtesy, 
flded  hy  a  representative  of  the  City  in  the  person  of  its  Comptroller,  in 
ttring  a  welcome  to  the  visitors  at  their  opening  session  on  Tuesday  evening. 
'  would  express  their  pleasure  in  liaving  brought  to  their  notice  the  recogni- 
which  the.  Corporations  was  kind  enough  to  express  of  the  debt  which 
iffo  owes  to  the  engineering  talent  which  has  helped  to  make  the  City  what 

The  American  Society  and  the  Institution  of  Mechanical  Engineers  have 
■ed  from  the  Illinois  Steel  Company  at  South  Chicago  a  notable  courtesy 
{ permission  and  arrangements  for  the  joint  visit  through  the  Illinois  Steel 
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Works  on  Wednesday  afternoon.  The  Mechanical  Engineen  reeognueiAik 
is  meant  by  a  permission  of  this  sort  and  the  difficulties  in  handliiig  nkigsa 
number  through  the  complicated  and  dangerous  departments  of  a  piobctin 
establishment  of  this  magnitude.  They  ask  that  the  niinois  Sted  Gompaiiy  nd 
Mr.  W.  A.  Field,  the  General  Superintendent,  and  other  officers  of  the  CanpiBj 
will  accept  the  sincere  thanks  of  the  party  for  the  success  attending  the  nit, 
and  for  the  admirable  way  in  which  the  visit  and  entertainment  were  pbimed. 

3.  The  joint  session  of  the  American  Society  of  Mechanical  En^neenind 
the  Institution  of  Mechanical  Engineers  have  receievd  from  the  Illinois  OeDta 
Railway  most  notable  courtesies,  entertainment  and  provision  during  tfaei 
Chicago  visit.  They  would  ask  that  that  CJompany  and  in  particular  Mr.  W.  H.^ 
Rosing,  Assistant  Sup>crintendeiit  of  machinery,  will  accept  the  sincere  thank 
of  the  Engineers  for  their  tender  of  free  transportation  over  their  fines  dan 
the  Chicago  Convention,  and  for  the  special  and  admirable  anangemeDts  wfaeicb 
the  Company  and  its  agents  have  ser\'ed  the  convenience  of  the  visiton  oo  titf 
excursions  and  visits  about  the  City. 

4.  The  joint  meeting  of  the  Mechanical  Engineers  of  Eln^^d  and  Amen 
a.sk  tliat  Marshall  Field  and  Company  will  accept  the  sincere  thanks  of  the  toM 
for  the  opportunity  given  to  the  ladies  and  members  to  visit  the  irondcrf 
establishment  whicli  is  known  by  their  name,  and  for  the  courteous  arrsngeme 
for  the  luncheon  of  the  visitors  on  the  afternoon  of  Thursday  at  that  great  OM 
cantilc  establishment.  The  character  of  the  hosts  on  this  occasion  is  a  factor 
economic  and  commercial  development  which  all  engineers  are  watcUng  vi 
the  keenest  interest  in  its  bearing  upon  the  problem  of  economic  handling  b 
twcen  producer  and  consumer. 

5.  The  joint  meeting  in  Chicago  lias  been  made  memorable  f or  the  Mechank 
Engineers  by  the  particular  importance  which  has  been  given  at  this  meeting 
the  subject  of  the  Steam  Turbhie.  The  En^eers,  therefore,  ask  that  t 
Commonwealth  Eletaric  Company  and  the  Chicago  Edison  Company  will  acce 
tlic  sincere  thanks  of  the  visitors  for  the  privilege  of  the  visit  to  the  Fiak  Stn 
Station  and  the  chance  to  see  the  working  of  a  power  station  of  this  magnitiK 
Tlu^y  would  couple  this  vote  of  thanks  in  particular  with  the  name  of  Mr.  Lm 
A.  Ferguson,  Second  Victv President  of  the  Company,  and  with  those  of  I 
Abbott  and  members  of  the  local  committee  who  have  been  instrumental 
bringing  about  this  pleasjint  result.   • 

().  ThosiMne.ni1)ers  of  the  joint  meeting  who  ha^'e  taken  occasion  to  vint  t 
Stiiek  Yards  and  the  Packing  Mousi^  of  Swift  and  Company,  ask  that  that  On 
])any  and  Mr.  Ivlward  S.  Swift  in  particular  and  other  officers  of  their  coipoitti 
will  accept  sincere  tlianks  for  the  invitution^to  visit  their  great  undertaking,  ai 
to  st<uly  tlieir  admirable,  humane  and  careful  methods  which  have  been  follow 
in  the  prosecution  of  their  business  and  in  the  attainment  of  their  wonckd 
results. 

7.  To  the  Tnistecs  of  the  Art  Institute  and  to  Mr.  H.  N.  Carpenter,  Secretai 
tlie  Engineers  beg  to  extend  their  nnwt  sincere  appreciation  for  the  distingiud* 
courtesy  aeeordt^cl  by  these  gentlemen,  in  permitting  the  reception  of  Thuiw 
e\  ening  to  be  held  in  the  midst  of  the  attractive  collections  of  that  Inatital 
Tl»e  relation  between  engineering  and  art  is  a  close  one,  even  if  by  many  itaetf 
cnce  is  not  detected .  Art  is  a  child  of  economic  progress  and  wealth.  Engineeni 
is  the  foundation  of  real  pn^ductive  wealth.  It  has  given  the  Engineera  gi* 
pleasure  that  their  reception  should  !)e  accorded  to  them  in  the  midst  «** 
congenial  and  appropriate  surroundings. 
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8.  The  Engineers  ask  that  the  Trustees  and  Faculty  of  the  Lewis  Institute 
4  Chicago  will  accept  the  sincere  thanks  of  the  joint  meeting  for  the  invitation 

0  bold  its  closing  session  in  the  Hall  of  the  Lewis  Institute.  The  Engineers 
wognize  what  the  profession  owes  to  the  work  of  the  technical  educators  and 
n  glad  to  record  by  this  resolution  their  hearty  sympathy  in  the  work  of  the 
nstitute  and  their  recognition  of  the  far-reaching  effect  of  such  education,  both 

1  mdustry,  in  civilization  and  in  culture.  They  would  express  in  particular 
heir  thanks  to  Professor  P.  M.  Chamberlain  for  his  instrumentality  in  bringing 
bout  this  pleasant  result,  and  heartily  appreciate  the  courtesy  for  the  enter- 
unment  and  luncheon  which  the  Trustees  have  provided. 

9.  It  is  to  the  Trustees  of  the  Sanitary  District  that  the  Mechanical  Engi- 
Bcra  owe  the  courtesy  of  an  invitation  to  inspect  the  Drainage  Canal,  a  great 
ork  in  the  interests  of  Chicago,  which  has  been  prosecuted  under  their  direction, 
he  thanks  of  the  Societies  and  the  Institution  are  also  due  to  the  Atchison, 
opeka  and  Santa  Fe  Railroad  Company  for  the  courtesy  of  the  special  train 
wided  by  that  Company  througli  Mr.  Kendrick,  third  Vice-President  of  the 
ailway  system.  The  visiting  Engineers  ask  also  that  the  Western  Society  of 
ngineers,  by  whose  active  co-operation  this  excursion  has  been  originated,  will 
!cept  the  sincere  appreciation  of  the  visitors  for  their  share  in  the  successful 
isit. 

10.  Beginning  with  the  very  first  day  of  the  attendance  of  visitors  and 
)ntinuing  beyond  the  official  end  of  the  meeting  have  been  the  courtesies  of  the 
linois  Tunnel  Company.  The  Engineers  desire  to  return  thanks  to  the  Com- 
Miy  and  to  Mr.  George  W.  Jackson  in  particular  for  the  courteous  invitation  to 
isit  the  tunnels  and  to  study  under  such  favorable  circumstances  their  possi- 
iliticfi  and  their  working.  The  Mechanical  Engineer  is  entirely  wonted  to  the 
iperience  that  some  of  his  most  successful  achievements  are  where  the  eye  of 
le superficial  observer  knows  nothing  of  their  real  excellence.  That  we  should 
i\'e  liad  the  opportunity  to  go  under  ground  and  under  competent  guidance 
tudy  the  hidden  detail  is  an  experience  for  which  we  desire  to  record  our  thanks' 

11.  It  must  be  known  to  any  Mechanical  Engineer  that  the  success  which 
Mues  to  an  acceptable  prcxluct  of  a  machine  depends  upon  the  skilly  the  fore- 
iiought  and  the  careful  administrative  attention  of  the  brain  of  the  Engineer 
liat  ha.K  originated  the  machine.  In  the  successful  meeting  of  a  Convention, 
iich  a.s  our  Chicago  meeting  luvs  proved  itself  to  l)e,  tlic  Engineer  behind  the 
roduct  is  the  local  conunittee  of  resident  menii)ers  in  whose  hands  we  have  been 
utraw  material,  and  which  have  succeeded  in  turning  out  so  successful  a  finished 
»oduct  as  tlic  Chicago  meeting.  The  visiting  Engineers  ask  that  Mr.  Robert 
^-  Hunt,  with  a  membersliip  common  to  l)otli  societies,  who  has  acted  as  chair- 
Muiof  the  local  conunittee^  will  accept  for  himself  and  for  his  associates  a  sincere 
fcOKnition  for  his  and  their  share  in  bringing  this  delightful  result  to  pass. 
Vy  ask  als<^  that  Mr.  George  M.  Brill,  efficient  and  capable  Chairman  of  tlie 
^tcrlaiiiment  and  Excursion  Committee,  who  has  abandoned  his  liome  that  he 
•ijjjht  l)c  near  his  responsibilities,  will  allow  himself  to  l)e  included  in  our  wann 
^preMBion  of  tlianks  and  recognition.  Tlic  meeting  would  not  have  been  the 
wttew  which  we  have  enjoyed,  had  less  gifted,  interested  or  assiduous  hands 
*^nat  the  throttle. 

12.  While  the  ladies  are  important  and  appreciated  factors  as  captains  of 
UMUutry  in  the  coiitrol  of  the  individuals  who  pass  resolutions,  it  is  unfortunate 
"*t  they  do  not  have  a  speaking  voice  in  the  proceedings  of  the  official  part  of 
^nif^ting,  and  that  from  "seconds  in  conunand  "  and  not  from  the  captains 
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themselves  must  come  the  voicing  of  the  thanks  which  the  ladies  of  our  party 
must  tender  to  the  efficient  and  delightful  group  of  ladies  organized  under  the 
local  committee  for  the  pleasure  of  the  visitors.  This  resolution  is  to  give  voice 
to  the  official  thanks  of  the  visiting  ladies  for  the  drive  and  the  luncheon  on 
Wednesday,  for  the  organization  and  direction  of  the  charming  visit  on  Thursday 
and  for  the  crowning  delight  of  the  drive  on  Friday.  The  ladies  ask  also  that 
Mrs.  Robert  W.  Hunt  will  accept  this  unsatisfactory  e£Fort  of  mere  men  to  ex- 
press for  them  the  thanks  of  the  ladies  for  the  delightful  reception  on  Thursday 
afternoon. 

The  men  and  the  women  leave  for  home  with  delightful  memories  of  new 
friendships  formed,  of  old  friendships  strengthened  and  a  memory  of  a  week 
full  of  pleasure,  satisfaction  and  profit. 

These  resolutions  being  put  by  the  chair  they  were  unani- 
mously adopted. 

At  the  close  of  the  sessions  the  Society  and  its  guests  were 
entertained  by  the  ladies  of  Lewis  Institute  at  a  most  satisfactory 
luncheon  on  the  top  floor  in  the  department  of  the  Institute 
devoted  to  domestic  science,  and  afterwards  took  a  train  on  the 
Atchison,  Topeka  and  Santa  Fe  Railroad  for  the  controlling 
works  of  the  drainage  canal. 

On  the  way  the  party  visited  the  distributing  yards  of  the  rail- 
way companies.  The  party  were  escorted  by  float  a  short  dis- 
tance on  the  canal  itself,  and  after  visiting  the  work  of  the  con- 
trolling outflow,  re-embarked  on  the  train  and  returned  to  Chi- 
cago. 

In  the  evening,  the  Society  and  its  guests  were  again  enter- 
tained by  the  Local  Committee,  the  entertainment  taking  the  most 
attractive  form  of  an  orchestral  concert  in  the  Auditorium  Thea- 
tre by  the  Thomas  Orchestra  of  Chicago. 

This  concert  was  made  noteworthy  by  its  ending.  A  precentor 
came  forward  on  the  stage,  and  led  the  audience  in  two  verses 
each  of  the  American  national  hymn,  "  My  Country  'Tis  of  Thee,*' 
and  the  English  form  of  the  same  air,  "  God  Save  the  King." 

With  this  incident  the  meeting  officially  closed. 

The  next  me(»ting  of  the  Society  will  be  its  regular  annual 
meeting,  to  be  expected  in  the  city  of  Xew  York  the  first  week 
in  December. 
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CAKNEGIE  GIFT  TO  ENGINEERING. 

THIRD  CIRCULAR. 

>nner  circulars  the  members  of  the  Society  have  been  ad- 
aat  at  the  Saratoga  Meeting  in  June,  1903,  there  was  re- 
in official  form  the  proposed  gift  to  engineering  by  Mr. 
V  Carnegie,  a  member  of  the  Society,  and  that  at  the  New 
Meeting  in  December,  1903,  a  supplementary  report  was 
»f  the  work  of  the  Society's  Committee  up  to  the  beginning 
t  year.  The  first  report  will  be  found  on  page  870  of 
e  XXIV.,  as  paper  No.  976,  and  the  second  on  page  34  of 
.e  XXV.,  as  No.  1008. 

the  Chicago  Meeting  in  May,  1904,  a  further  report  of 
ss  was  presented  for  the  information  of  the  members  as 
ire  of  the  business  session  of  that  meeting.  The  report  was 
ted  by  the  Secretary  of  the  Society,  who  is  one  of  the 
entatives  of  the  Society  on  the   Committee,   and  was  as 


o  ■ 


vill  be  recalled  by  those  who  have  followed  the  history  of 
idertaking  that  in  February,  1903,  Mr.  Andrew  Carnegie 
his  first  offer  of  a  million  dollars  in  order  that  the  four 
ml  engineering  societies  might  be  housed  in  a  proper  build- 
ihich  should  give  necessary  accounnodation  for  the  executive 
'  ^  the  engineering  societies,  and  should  contain  auditoriums 
leotings  and  give  adequate  space  for  the  libraries  of  the 
ics,  the  plan  also  to  include^  accommodations  under  a  separate 
but  as  a  part  of  the  gencM'al  schenus  for  the  Engineers' 
,  which  is  the  social  organization  having  no  necessarily  pro- 
nial  outlook. 

le  action  which  was  taken  on  the  recei])t  of  Mr.  Carnegie's 
osition  was  to  appoint  a  Conference  (Committee,  consisting 
^ree  members  from  each  of  the  four  national  societies  and 
1  the  Engineers'   Club.      This   Conference   Committee   held 
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frequent  meetings  for  the  consideration  of  its  problem,  an 
charged  its  duties  under  a  provisional  organization  until  jM 
1 904,  when  by  the  letter-ballot  of  the  American  Society  of 
Engineers — for  reasons  satisfactory  to  themselves — ^it  wa 
cided  by  that  body  that  they  would  not  partake  in  the  bene 
Mr.  Carnegie's  gift. 

The  Conference  Committee  was  then  at  once  faced  witl 
problem:  Would  the  donor  give  his  proposed  gift  to  the 
engineering  societies  and  the  Engineers*  Club,  and  wouk 
three  societies  be  able  to  make  themselves  responsible  foi 
maintenance  and  conduct  of  the  building,  or  would  the  pre 

« 

become  greater  than  these  three  bodies  could  cope  with? 

The  matter  was  immediately  laid  before  the  Councils  o: 
three  societies  and  on  careful  consideration  of  the  resouro 
each  body,  the  three  organizations,  the  American  Societ 
Mec^lianical  Engineers,  the  American  Institute  of  Electrica' 
gineers,  and  the  American  Institute  of  Mining  Engineers,  de 
that  it  would  be  within  their  power  to  resume  this  responsil 

Careful  estimates  of  the  cost  of  operating  the  building 
preparcnl,  and  by  special  meetings  t?he  decision  was  reached 
each  society  was  prepared  to  go  forward  in  co-operation  witl 
other  two.  When  this  action  was  communicated  to  Mr.  Can 
with  cliaracteri?^tic  promptness  of  decision,  he  at  once  wrot 
other  deed  of  gift,  stating  his  willingness  to  present  to  the 
soei(»ti(»s  and  the  Enginec^rs'  Club  a  building  which  should 
a  million  and  a  half  dollars,  in  recognition  of  the  larger  sco] 
the  i)r(>p(>sition  as  subnTitted  to  him  by  the  three  societies. 

It  is   the  purpose  of  the  Trustees  that  this  building  si 
provide   for  all   organizations  which  have  engineering  as 
basis  in  the  matter  of  suitable  auditoriums,  executive  offices 
most  of  all,  for  their  libraries?. 

Mr.  Carnegie's  letter  of  gift  has,  therefore,  constituted  the 
resentatives  of  the  three  engineering  societies  and  the  E^gin 
Clnl),  an  organized  eouniiittee  of  twelve,  who  for  the  momen 
to  administer  what  has  been  called  the  "  Carnegie  Trust  foi 
gineering.''  This  eoniniittee  of  twelve  has  the  responsibility 
the  ex])enditnre  recpiired  for  adecpuite  buildings.  While  the 
is  as  one,  there  are  in  reality  two  buildings.  The  three  soci 
are  to  occupy  a  frontauc  of  125  s(]uare  feet  on  the  north  sic 
Thirty-ninth  Street  in  New  York  City,  with  a  depth  of  100 
The  Engineers'  Club  is  to  occupy  a  site  50  feet  wide  by  100 
on  the  south  side  of  the  Fortieth  Street  frontal  of  the  samP 
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)ck.  The  buildings  do  not  quite  come  to  each  other  in  the  rela- 
)ii  of  the  upright  and  the  arm  of  a  capital  letter  "  T,"  because  the 
ngineers'  Club  stands  nearer  one  end  than  the  other  of  the  long 
pontage  of  the  Engineering  Building. 

The  Conference  Committee,  in  its  capacity  as  Trustees,  at  once 
Qade  arrangements  to  have  the  design  of  the  building  competed 
[or  and  the  architects  selected  by  the  competitive  method. 

A  programme  of  competition  was  prepared  with  some  elaborate 
ness,  deciding  a  number  of  questions  in  advance  in  order  thai 
the  competition  might  be  on  the  common  basis.     Among  these 
questions  were,  first,  that  the  auditorium  which  is  a  central  feature 
of  such  a  proposed  engineering  building  should  have  such  a  capa- 
city that  the  best  voice  of  an  author  or  speaker  could  be  distinctly 
heard  in  every  fart  of  it.     This  brought  to  the  front  at  once  an 
interesting  question  as  to  the  floor  space  and  height  within  which 
an  untrained  speaker  taking  part  in  the  meetings  could  be  heard 
and  understood.     It  was  plainly  absurd  to  make  the  auditorium 
80  larp:e  that  discussions  were  a  mere  dumb  show  of  moving  lip 
and  gesture.     It  seemed  on  conference  with   theatrical  people, 
ministers,   architect's,   and   public   speakers,    that   such   ordinary 
speaker  could  be  heard  if  the  audience  did  not  exceed  one  thou- 
sand persons  on  the  floor,  with  a  possible  additional  five  hundred 
seated  in  a  commodious  ffallerv. 

The  committee  would  be  very  glad  to  receive  additional  light 
on  this  question  from  any  members  who  may  have  experience  to 
offer. 

There  are  also  to  be  smaller  auditoriums  having  a  capacity  of 
two  hundred  and  fifty  persons  and  downward,  so  that  smaller 
meetinp^  shall  not  be  lost  in  a  large  auditorium,  and  so  that  meet- 
ififrs  of  different  societies  of  different  sizes  can  be  held  at  the  same 
time.  Such  smaller  auditoriums  will  also  be  cosy  for  monthly 
reunions. 

The  auditorium  must,  necessarily,  by  ordinance  of  the  Building 
l^artment  of  New  York  City  and  as  a  matter  of  common  sense, 
1«  located  near  the  level  of  the  street. 

Above  the  auditoriums  will  be  the  office  floors,  one  for  each  of 
^he  societies,  giving  accommodation  for  its  reception  rooms,  offices 
for  secretary,  accoimtants,  stenographers,  and  similar  adminis- 
^tive  departments,  and  the  meeting  room  for  councils  and  com- 
Diittees. 

At  the  most  liberal  calculations  for  the  present  needs  of  the 
*^^etiea,  a  floor  area  of  5,000  square  feet  would  seem  to  be  ample. 
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Each  floor  will  furnish  over  one-and-a-half  times  this  space,  so 
to  leave  room  for  growth  and  future  needs.     It  has  heen  qui 
interesting  to  note  that  the  three  societies,  calculating  indepc 
dently,  ask  the  committee  for  practically  the  same  amount 
floor  space. 

Above  the  three  floors  allotted  to  the  founders*  societies  can 
certain  additional  floors,  if  the  funds  available  shall  make  tl 
I>ossiblo,  which  shall  be  assigned  to  the  use  of  the  other  engine 
ing  organizations  which  will  naturally  be  the  beneficiaries  of  3 
Carnegie's  gift.  Such  bodies  are  the  Electro-Chemical  Socie 
American  Gas  Light  Association,  Electric  Light  Association,  a 
others.  These  accommodations  will  not  be  rented,  but  will 
furnished  to  the  users  on  a  basis  of  a  pro  rata  of  operating 
penses.  It  is  plainly  unfitting  that  there  shouM  be  any  pro 
making  in  the  conduct  of  the  enterprise  from  a  commercial  po 
of  view. 

On  the  top  floor  or  floors,  which  will  probably  be  about  i 
twelfth  floor  from  the  street,  will  be  located  the  consolida'l 
libraries  and  the  reference  and  reading  rooms. 

It  is  an  interestiuij:  fact  that  when  the  three  societies  met 
gether  by  apj)ointed  meetings  to  consider  the  library  problem 
an  engineering  building  of  this  character,  it  was  at  once  the  scr 
;)f  these  re[)res('ntativcs  of  the  three  societies  in  their  confereno 
that  there  was  l>(>f<»re  them  the  opportunity  of  a  lifetime  tocrea 
a  great  engineering  library,  with  the  strength  and  interest  andt 
knowledge  and  personnel  of  the  three  societies  behind  it.  T! 
representatives  of  tin*  ?Se\v  York  Public  Library,  which  will 
located  in  a  building  ju<t  across  the  street,  were  called  in  at  tl 
conference,  and  their  advice  a^kcMl  on  the  possibilities  of  a  schen 
of  federation,  wlierebv  the  Xew  York  Public  Librarv  and  tl 
Knirineerina-  Librarv  couM  be  mutuallv  serviceable. 

P)y  locating  the  reading-room  on  the  top  floor  it  will  not  only  1 
more  quiet,  bnt  it  will  hv  in  the  Ix^tter  air,  above  the  fly-line,  ai 
it  will  obtain  liiilit  from  the  roof. 

'I'he  Conimirtee  feel  eni[>hatically  that  this  should  be  a  wor 
ing  librarv,  in  which  workers  and  students  should  be  able  toha^ 
acce^^s  io  the  shelves  and  the  books  themselves. 

To  secure  this  greater  develo]>nient  of  the  library  idea  willmal 
n  demand  upon  tli(^  s«>cieries  themselves,  but  it  is  the  belief  of  tl 
Committee  thnt  the  sot-ieties  will  Ix^  glad  to  enlist  increafli 
energy  tind  eifort  in  return  for  what  the  library  development  wi 
bring. 


APPENDIX.  441 

If  the  plans  of  the  Committee  are  realized  the  library  of  this 
building  will  be  The  Engineering  Library  of  the  Atlantic  Sea- 
board. 

In  carrying  out  the  plans  of  the  competition,  the  Committee 
have  secured  Professor  William  R.  Ware  as  Professional  Adviser 
on  architectural  questions.  He  is  perhaps  of  all  American  archi- 
tects one  who  has  had  the  widest  experience  in  judging  competi- 
tions of  the  character  which  the  Committee  has  had  in  mind. 

With  the  advice  of  Professor  Ware,  and  what  could  be  gotten 
from  other  sources,  the  printed  Programme  of  Competition  in 
pamphlet  form  was  issued  on  the  5th  of  May. 

In  new  of  advice  given  us  from  many  sources  it  seemed  plain 
that  sL\  weeks  was  a  long  enough  time  to  allow  architects  for  the 
consideration  of  their  preliminary  plans.  In  this  view,  counting 
forward  from  the  5th  of  May,  the  competition  was  annoimced 
closed  on  June  20th. 

The  competition  is  of  the  character  which  is  known  techni- 
cally among  architects  as  ^^  a  mixed  competition,"  in  ^that  six 
firms  have  been  invited  to  compete,  and  will  be  compensated, 
whether  successful  or  not  by  a  fee  of  $1,000.  Besides  this  the 
competition  is  open  to  any  architect  in  good  professional  standing, 
who  ha:?  l)€en  in  practice  under  his  own  name  for  over  two  years, 
to  send  in  competitive  drawings,  and  he  will  receive  consideration 
exactly  the  same  as  the  salaried  or  invited  firms.  All  are  com- 
pelled  to  compete  under  an  absolute  incognito.  Four  prizes  of 
$400  each  will  be  the  award  to  the  four  most  successful  plans 
in  the  "  open  class." 

Of  course,  the  competition  means  nothing  for  the  present  but 
the  selection  of  the  architect,  who  will  prepare  the  plans  finally 
approved  by  the  Committee.  It  does  not  mean  in  any  sense  tliat 
the  plan  of  the  successful  architect  is  to  be  the  plan  approved  by 
the  Committee  in  final  form.  The  Committee  reserves  the  right 
to  change  and  modify  and  remake  the  drawings  of  the  successful 
competitor  until  its  own  ideals  shall  be  realized. 

It  may  be  of  interest  to  state  that  seventy-five  applications  have 
heen  received,  and  while  we  know  that  some  of  these  writers  do 
Dot  intend  to  compete,  but  simply  ask  to  rocieve  the  competition 
>*caii9o  it  was  a  cleverly  prepared  document,  yet  the  Committee 
Ms  sure  that  there  will  be  a  sufficient  number  of  competitors  to 
'^e  an  interesting  variety  when  the  Committee  comes  to  decide. 
•Nothing  can  be  done  in  the  way  of  actual  construction  until  after 
the  first  of  July  of  the  current  year,  since  the  site  of  both  build- 
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ings  is  now  occupied  by  residences,  the  leases  on  which  will  only 
expire  on  t/hat  day. 

The  buildings  must  be  removed  and  the  work  of  final  settling 
on  details  of  plans  must  follow  before  the  actual  construction 
can  be  begun. 

The  Committee  has  also  had  under  consideration  the  problem  of 
conducting  the  building  after  it  should  be  completed  and  the 
construction  problems  have  been  solved.  The  present  Committee 
are  the  Euilding  Committee,  and  their  functions  will  end  with 
the  completion  of  the  building. 

This  has  boon  met  by  appointing  a  Committee  on  Organization, 
through  whom  a  charter  has  been  secured  from  the  State  of  New 
York,  and  signed  by  the  Governor,  May  11th,  1904. 

The  general  scheme  of  organization  provides  for  the  election  ol 
trustees  by  the  three  societies,  who  enter  the  undertaking  as 
founders,  under  the  deed  of  gift. 

The  Engineers'  Club  will  manage  its  building  independently 
as  soon  as  construction  is  completed. 

Tli(»se  trustec^s  are  to  Ix*  elected  bv  the  Councils  of  the  individ 
ual  societies,  and  will  be  three  in  number  from  each  bodv,  thetenr 
oi  one  exj>iring  each  year.  These  trustees  will  have  the  respon 
sibility  of  financing  and  managing  the  administrative  detail  o: 
the  building  nt^  a  whole  for  the  benefit  of  the  founders'  societici 
themselves,  and  the  other  engineering  societies  who  will  be  pai 
tieij)ants  in  the  privileges  of  the  building. 

Th(»  by-laws  of  the  body  provided  by  the  charter  will  have  t" 
1)0  very  carefully  ])rei>ared  with  advice  of  counsel,  to  provide  & 
many  {[nt\'itions  in  advance  which  are  incident  to  the  creation  o 
a  trust  of  this  character. 

The  Committee  prn])oses  to  prcK'eed  slowly  with  the  consider. 
tion  of  these  (jui^stions  of  organization,  but  hope  that  before  th 
annual  meetinir  tliev  will  be  ])rovi(led  \\4tli  a  full  and  carefull 
thought-out  scheme  which  will  be  reported  to  the  Society  at  th; 
time. 

F.  R.  HuTTON,  Secretary. 
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'HE  USE  OF  SUPERHEATED  STEAM  AND  OF  RE- 
HEATERS  ly  COMPOUND  ENGINES  OF  LAROE 
SIZE. 

(Aneociate  Member  of  the  Socielj-.) 

1.  Tho  object  of  this  pappr  is  to  eoUcct  nnd  present  to  the 
•ociety  the  results  of  a  number  of  unpublished  tests  made  during 
he  past  five  years  on  several  high-speed,  two-cylinder  compound 
Bfines,  all  built  by  the  same  makers,  and  all  of  the  same  type. 
"he engines  tested  differ  from  one  another  only  in  ?ize,  in  rylindor 
>roportions,  and  in  their  working  conditions.  The  investiga- 
ions  were  made  to  determine  tlie  performance  of  the  engines 
inder  different  loads,  both  with  and  ■without  jacketing  and  reheat- 
ng.  A  comparison  of  the  results  for  the  different  tests  throws 
lome  light  upon  the  influence  on  the  thermal  eiGciency  of  large 
■iwd  four-valve  compound  engines  of  the  following  factors : 
(a)  The  use  of  a  reheater. 

(t)  The  use  of  moderately  superheated  admission  steam. 
(()  The  load. 

(d)  The  size  of  the  engine. 
(0  The  cylinder  proportions. 

2.  The  results  recorded  here  are  for  tests  made  on  nine  separate 
engines  and  for  twenty-eight  different  tests.  The  engines  are 
pwts  of  three  electric  lighting  plants  situated  in  or  near  Boston. 
Engine  A  is  at  the  L  Street  station,  South  Boston,  of  the 
Mson  Electric  Illuminating  Company — a  plant  which  at  the 
'ime  of  the  test  was  the  property  of  the  Boston  Electric  Light 
Umpany.  The  tests  at  this  station  were  conducted  by  the  writer. 
Engines  B,  C,  D,  E  &  F  are  at  the  Atlantic  Avenue  station 
"i  the  Edison  Electric  Illuminating  Co.,  and  they  were  tested 

•  Prewnlod  At  the  Cliic-nf-o  meeting,  May  and  June,  1904,  of  the  American 
SonMf  "f  Mechanical  EDgineers,  and  fonaiug  part  o(  Volume  XKV.  of  the 
TraMafUmt. 
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the  joint  supervision  of  an  employe  of  the  company  and 
■esentative  of  the  engine  builders.  Messrs.  C.  H,  Parker 
r.  Cook,  both  members  of  this  Society,  were  in  charge  of 
jf  the  tests,  but  in  some  tests  their  places  were  taken  by 
i.  C.  R.  Brown  and  S.  G.  Colt  respectively, 
lines  O,  S  &  E  are  at  the  new  plant  of  the  Cambridge 
ie  Xi^t  Company,  and  were  tested  by  the  writer, 

J)esoripiion  of  the  Migines. 

"he  engines  tested  vary  from  750  to  3,500  rated  horse 
and  were  all  built  by  Mcintosh,  Seymour  &  Co.,  of 
•n,  N.  T,  They  are  all  vertical,  high-speed,  two-eyhnder, 
ompoumi,  (i i re ct -connected  units  with  overhanging  cranks, 
!|ylinder  ia  supported  on  a  heavy,  hollow,  cast-iron  frame 

back  and  on  two  inchned  steel  standards  in  front.  Each 
ej'HDdera  is  jacketed  on  the  barrel,  and  both  heads  and  the 
I  are  piped  in  scries;  the  steam  enters  the  jacket  on  the  top 
MSSCM  into  the  barrel  jacket,  goes  to  the  jacket  on  the  lower 
ind  then  to  the-  reheater  coils.  In  this  way  a  very  active 
iition  in  the  jackets  is  ensured.  As  there  is  no  separate 
anpply  to  th<'  reheater  coils,  nor  any  separate  drain  from 
.  P.  jackets,  it  is  not  possible  to  use  either  jackets  or 
BT  alone.  The  receiver  is  a  large  cylindrical  drum  at  the 
if  the  engine  aod  close  to  the  cylinders.  The  reheater 
■  of  one  or  more  coils  of  pipe  in  the  receiver.  The  L.  P. 
W  IB  imJAcketed. 

'he  valvps  are  of  the  flat,  gridiron  type,  unbalanced  and 
rt  Btroko.  The  steam  valves  on  both  H.  P.  and  L.  P. 
m  consist  of  a  main  valve  cutting  off  at  about  .8  stroke. 
Rider  cut-off  valve,  the  movement  of  which  can  be  varied 
>  give  any  desired  cut-off.  The  main  steam  valves  and  the 
t  valves  on  each  cyHnder  are  driven  from  an  eccentric  on 
in  shaft  through  a  system  of  links  and  levers.  The  cut-off 
are  driven  by  auxihary  eccentrics  which  are  controlled  by 
'heel  governor.  The  action  of  the  valves  is  rapid;  the 
5s  for  admission  and  exhaust  of  steam  are  large, 

fly-w)i<;el   governors   are   designed   to   control   the   speed 

two  per  cent,  variation  between  zero  load  and  full  load. 

Cambridge  electric  light  station  the  position  of  the  gov- 
wcights  can  he  regulated  when  the  engine  is  running  by 
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1  small  electric  motor  fastened  to  the  fly  wheel  and 
from  the  switch-board.  This  device  ia  valuable  for 
ng  in  parallel  running. 

The  Arrangementa  for  Testitig. 
be  endues,  with  one  exception  to  be  noted  later,  are 
jet  condensers  so  that  their  steam  consumptions  had 


cnnined  by  measuring  tlic  boiler  feed.  This  neoes- 
!  adoption  of  adequate  precautions  to  prevent  leakage 
feed  mains,  from  the  boilers  and  from  the  steam  pipes. 
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The  steam  was  obtained  in  every  case  from  Babcock  &  Wikoj 
boilers,  fed  from  a  pump  which  handled  only  the  water  goioj 
to  the  test  boilers.  These  boilers  supplied  steam  only  to  th 
engine  under  test;  they  were  examined  for  general  ti^tneaa 


Vui.  HTh.—Sidk  Elkvvtton  of  60"  x  56"  U  P. 
Ctlindeu  SirowrNQ  V.MiVE  Geak. 


were  f-lmt  oH  from  the  Ilolly  return  systems  and  had  th< 
l)low-off.s  blanked.  Tlu^  steam  on  its  way  to  the  enff 
under  test  went  first  to  a  section  of  the  main  steam  hesd' 
which  Avas  isolated  ])y  ^ate  valves  from  the  rest  of  the  head 
These  gate  valves  were  tested  for  tightness  with  full  steam  ^ 
lire  (HI  oik.'  side  and  atniosplirric  pressure  on  the  other,  and  ^ 


UPERHEATED  STEAM  AND  REHEATERS   IN  COMPOUND  ENGINES.     449 

md  practically  tight  in  all  cases.  In  order,  however,  to  pre- 
it  even  slight  leakage  the  steam  pressures  were  kept  the  same 
both  sides  of  the  valves  during  the  tests.  In  most  of  the 
ts  the  steam  supply  to  the  engines  was  superheated  so  that  the 
am  pipe  drips  could  be  closed;  in  the  cases  where  wet  steam 
IS  supplied  the  condensation  in  the  pipes  was  returned  by 
ivitv  to  the  test  boilers. 

6.  The  total  leakage  from  the  boilers  and  steam  pipes  was 
tennined  by  leakage  tests  after  nearly  every  run.  To  make 
B  leakage  test,  the  fires  were  allowed  to  burn  down  at  the  end 
the  run  and  were  kept  in  such  condition  as  just  to  be  able  to 
iintain  the  steam  at  the  test  pressure  when  the  supply  to  the 
gine  was  shut  off  completely.  The  observation  of  the  rate  of 
wrering  of  the  water  level  in  the  boilers  under  these  conditions 
ve  the  necessary  information  for  determining  the  rate  of  leak- 
e  lo^s  from  the  boilers  and  steam  pipe. 

T.  The  feed  heaters  were  all  tested  and  found  to  be  tight. 
be  reheater  coils  were  also  found  to  be  tight  except  in  one 
igine  and  in  that  case  the  only  run  made  was  without  the 
heater  in  use. 

8.  The  weight  of  steam  condensed  in  the  jackets  and  reheater, 
hen  these  were  in  use,  was  determined  by  collecting  the  con- 
msed  steam  in  a  vessel  of  known  capacity  provided  with  a 
luge  fjlass.  The  drainage  from  the  receiver  was  determined  in 
similar  way.  The  arrangement  of  jackets  and  reheater  pre- 
'nted  the  separate  determination  of  the  amounts  of  ^ondensa- 
on  occurring  in  each. 

5>.  The  diameters  of  all  the  cylinders  were  gauged  when  hot. 
he  clearances  were  not  measured  directly ;  the  values  used  for 
le  calculations  were  giv^en  by  the  engine  builders  and  were 
Pterinined  by  them  from  the  working  drawings. 
10.  The  weighing  scales  were  examined  by  the  local  sealer  of 
'^'ij^hts,  and  their  accuracy  in  the  writer's  tests  was  ensured  by 
finher  provinfl^  ^^^th  sj^ecial  test  weio:lits.  All  gauges,  ther- 
»<>meters  and  indicators  were  calibrated.  The  indicators  used 
nhe  tests  of  engine  A  were  calibrated  under  steam  pressure  by 
^mparison  with  a  mercury  column  at  the  Crosby  Steam  Gage 
onipany's  works,  and  later  were  tested  at  the  Engineering  Lab- 
fatory  of  Harvard  University  under  steam  pressure  by  conipar- 
'^^n  with  known  rotating  weights.  The  results  of  these  two  eal- 
'I'ations  are  given  below. 
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Namber  of 
Instrument. 

Nominal 
Scale  of  Spring. 

Actual  Scalb  of  Spring. 

K4XBI*tNAXS. 

By  Merrnry 
Column. 

By  Rotating 
Weights. 

■f  • 

Hr«««« 

788 
1926 
4908 
4909 

100 

100 

20 

20 

98.9 
99.7 
19.48 
19.5 

98.8 
99.4 

^i 

19.4 

35:             . 

19.57 

^v*  ••• ••■ 

IL  The  load  on  the  engine  was  entirely  electrical,  and  con- 
bd  of  part  of  the  station  load  supplemented  when  necessary 
f  a  adjustable  water  rheostat  load.     There  was  no  difficulty 
$Bj  of  the  tests  in  keeping  the  total  load  constant. 


Tests  of  Engine  A. 

12.  In  June,  1899,  the  writer,  assisted  by  students  in  engi- 
Jering  of  Harvard  University,  made  the  acceptance  test  of  the 
agines  then  installed  at  the  L  Street  station  of  the  Boston 
lectric  Light  Company.  A  description  of  the  plant  may  be 
«ndin  the  "  Electrical  Worid  and  Engineer,''  for  May  27,  1899. 
f  the  three  similar  units  then  installed,  engine  A  (number  1  of 
e  plant)  was  selected  for  test  because  it  had  been  running 
iger  than  the  others. 

18.  This  engine  is  rated  to  develop  2,400  indicated  horse- 
irer  at  ,23  cut-off,  4,128  indicated  horse-power  at  .6  cut-off 
I  has  a  Tnfi^i"i"Tn  cut-off  at  .8  stroke.  Its  piston  speed  is  960 
t  per  minute;  its  cylinder  dimensions  28  inches  and  58  inches 
48  inches.  It  is  direct  connected  to  a  1,500  kilowatt,  three- 
iS  General  Eleetric  generator  delivering  current  at  2,250  volts. 
>  tij"wheel  is  16  feet  diameter  and  weighs  100,000  pounds. 
I  nthk  shaft  is  26  inches  diameter;  the  bearings  21  inches 
H  JmImbs.  The  steam  pipe  is  10  inches,  the  exhaust  24  inches 
The  ratio  of  low  pressure  to  high  pressure  piston  dis- 
is  4.3  to  1.  The  reheater  coil  has  777  square  feet  of 
kce,  but  the  steam  supply  to  it  was  too  small. 
engine  was  apparently  in  first  class  condition;  the 
pistons  were  tight  when  at  rest.  The  steam  was  ob- 
m  two  550  H.  P.  boilers,  which  supplied  saturate^d  steam 
engine.  The  amount  of  feed  water  was  dotennined  by 
h  weighing. 
5.  Two  full  load  tests  were  made :  one  with  the  jackets  and 

SO 
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reheater  in  use,  the  other  with  both  out  of  use.     The  prindpi 
results  of  the  test  are  given  in  Table  I.     The  combined  ind 

TABLE   I. 
Genrral  Results  ov  Tests  ok  Engine  A. 


1 

2 

3 

4 

6 

6 

7 

8 

9 

10 

11 

13 

13 

14 

15 

1» 

17 

18 

19 

20 

21 

22 

23 

2.*) 
2(i 
27 
2S 
29 
31) 
31 
38 
i& 
34 
:Vi 
3H 
37 
3H 
9J 
40 


Numlwjr  of  test 

Nominal  load 

With  or  without  jackets  and  reheaterri 

Duration  of  tfBt,nourt) 

II.  P.  cylinder  diameter,  inchet) 

L.P.        "  "  "      

Pifton  rod  diameter,  inchcn 

Clearance  H.  P.  cylinder,  per  cent 

L.P.       "  "         

Ratio  L.  P.  toll.  P.  displacement 

RevoliiiionH  per  minute 

Gauge  prei^sure  at  throttle 

Stciiiii  qiiulity  ai  throttle,  per  cent 

Initial  t<team  pressun;  in  II.  I*,  cylinder,  by  cards 

Steam  prei*Hure  in  receiver,  gnu!;e 

SuiK-rheat  of  steam  entering  L.  P.  cylinder,  Fahr 

Effective  vacuum  in  L.  P.  cylinder,  oy  cardf,  inchen 

Vacuum  in  exhaunt  pipe,  inclii!^ 

Temperature  of  exhauHt  nteam,  Fahr 

Comuien:ial  cm  -off  II.  1*.  cylinder,  hcid  end 

"  *'         *'  '•        crank  end 

"  "      L.P.         "        headend 

•'  "         "  *♦        crankend 

I.  U.  P.,  II.  P.  cylinder 

•»         1^  i>         •»  ,  .  

Total  I.  nVi\ v^\.v/'^'.v^\\v.'\^v^y^v'^v/^^'^y^'.',v...'. 

Pereentuge  power  jlevelopfd  by  H.  I*,  cylinder 

'I'«)tal  dry  steam  p«'r  1.  H.  P.  pt-r  hour,  poundn 

Wet  Pteani  in  jarJtetu  and  n'lieat«'r  i»er  I.  H.  P.  per  hour 

I'i'rceuta<;<*  of  total  steam  used  in  j-iekctM  and  rttheater 

PercfniUL'*^  of  cvlinder  stt'aiu  drained  from  recidvi-r 

Quality  at  cut  off,  11.  P.  cylinder 

(Quality  at  r«-IeM>e.  II.  P.  cvlinder 

Ouality  at  cut  off,  L.  I',  cylinder 

Quality  at  n-li-iiM".  L.  P.  eyllnder 

iT.  'I'.  U.  per  I. II. P.  per  minute,  measured  atxive  ideal  feed  teinpentture. . . 

TheruHMlyiiamic.  elliciency.  per  cent 

B.  T.  I'.inT  I.  II.  P.  per  minute,  for  Raiikine  ideal  cycle 

Thi-nnouyiiainir.  efncieix-y  eoinpan'd  with  id<-al  cycle,  percent 

Perceula<;c  buving  by  jucketin;;  and  reheating 


1 

1 

i 

Fnll 

Wllh 

10 

88.14 
58.18 
5.5 
8.6 
6.85 
4.8 
11H.46 
159 
99.46 
156 
81 

85.5 
M.05 
85.0 
127 
.29 
.80 
.29 
.81 
8S0 

Pa 

5 

S 

H 

S 

1 

1 

4 

IM 

Ml 

IX 

X 

( 
1 

SI 

IS 

It 

1.1« 

1JW4 

48 

IJBI 
US 

4 

13.56 

6.8 
1.6 

88 

86 

91.5 

95.5 
84-1 

17.8 
160 

65.4 

t 

1 

1 

1      1 

7 

1 
8 

1 
81 

1 
U 

i 

1.3 

ciitnr  cjinU  lor  \\io  two  tests  are  given  in  Figs.  119  ami  120.  AcH 
parijjon  of  tlie  two  tests  shows  the  conditions  to  have  been  vt 
piinilar  (hiriiiii;  tlie  two  runs  with  some  advantage  in  the  mat 
of  vacuum  for  tlie  first  test.  The  reheater  was  not  vcrv  effect 
owinp:  to  tlie  ili^lieieut  steam  supply — it  superheated  the  rccei 
steam  oT)  dea'rcf's  Fahr. 

10.  'J'lie  eeniionife  results  as  indicated  by  the  steam  consul 
tious  in  line  2S  show  ])raeliea]ly  no  saving  at  all  by  the  use 
the  high  pressure  jackets  and  the  reheater.  The  steam  c 
pumption,  however,  is  not  a  fair  quantity  by  which  to  judge 
pc^rformanee  of  the  engine,  since  in  Test  1  about  7  per  cent 
the  total  steam  is  reiected  as  condensation  at  about  the  be 
tem[)oruture,  whereas  in  Test  2  all  is  rejected  at  the  condei 
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ire.  Since,  in  these  tests,  engine  performancea  alone 
studied,  and  the  efficiencies  of  the  feed  heaters  are  not 
I  at  all,  the  performance  of  the  engine  is  best  measured 
lount  of  heat  that  must  be  ^veu  to  the  feed  water  per 
per  ininut«,  the  feed  being  supplied  at  what  may  be 
the  ideal  feed  temperature.     The  ideal  feed  temper- 


1    1    1    i    1    1    1    1    1 

Engine  A.  -  T«rt  I. 
Full  Load,  with  Jackots  and 
Reheatcr. 
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obtained  hj  mixing  the  condensations  in  the  reheater 
cer,  each  at  its  own  proper  temperature,  mth  the  con- 
water  in  the  condenser  supposed  to  be  at  the  exhaust 
lerature.  The  heat  units  per  I.  H.  P.,  measured  above 
feed  temperature,  necessary  to  form  steam  such  as 
the  throttle,  is  an  accurate  measure  of  the  performance 
igine,  and  it  is  this  quantity  which  is  given  in  line  36, 
which  the  calculation  in  line  40  of  the  saving  by  jacket- 
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ing  and  reheating  has  been  made.  An  examination  of  the  com- 
bined cards  in  Fi^a.  11!)  and  120,  or  lines  32  and  33  of  Table  1, 
show  that  the  II.  1*.  jackets  have  been  moderately  effective,  raising 
the  quality  of  the  steam  in  the  H.  P.  cylinder  6  per  cent, 
throughout  the  expansion.  The  small  total  gain  by  both  jackets 
and  reheater  indicate  then  tliat  the  reheater  is  of  small  value. 


1  M  1  M  1  M 

Engine  A.  -  Test  2. 

FulJ  I^iid.iviIiioiit  Jackets  and 
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or  may  even  be  a  source  of    los.s  when  it  superheats    only  35 
d.-f:re.... 


17.  Tlic  engines  7?,  C,  D,  E  and  F  are  all  part  of  the  Atlantic 
Avenue  i>lant  of  the  Edison  Electric  Illuminating  Company,  the 
station  numbers  of  these  engines  being  7,  8,  9,  10  and  11  respet*- 
tively.     This  plant  has  been  described  in  the  "  Electrical  World 
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and  Engineer,"  of  May  18,  1901,  and  also  in  the  paper  by  Messrs. 
Monltrop  &  Curtis,  published  in  Volume  XXIII.  of  the  Trans- 
actions  of  this  Society.  The  engines  (7,  2?,  E  and  F  are  all  of 
the  same  size  and  are  rated  at  about  2,400. indicated  horse  power. 
Engine  B  develops  only  about  one -half  the  power  of  the  other 
engines;  it  is  also  the  only  one  of  these  engines  fitted  with  a 
surface  condenser. 

18.  Owing  to  the  comparatively  short  duration  of  test  neces- 
sary when  the  steam  consumption  of  an  engine  is  measured  by 
weighing  the  discharge  from  a  surface  condenser,  it  was  practic- 
able to  carry  out  a  much  more  complete  series  of  tests  with 
this  engine  than  with  any  of  the  others.  The  engine  B  is  much 
more  distant  from  the  boilers  than  the  other  engines  tested,  and 
in  consequence  the  superheat  at  the  throttle  is  very  low,  and  drop 
of  pressure  in  the  steam  pipe  is  considerable. 

19.  The  engine  is  intended  to  run  at  100  revolutions  per 
minute  and  to  develop  1,200  indicated  horse-power  at  .22  cut-off 
with  160  poimds  steam  pressure  and  26  inches  vacuum.  At  .6 
cutroff  it  develops  2,200  indicated  horse-power.  The  cylinder 
dimensions  are  23  inches  and  48  inches  by  48  inches,  and  the  en- 
gine drives  an  800  kilowatt  General  Electric  direct-current  gener- 
ator. The  reheater  consists  of  coils  of  brass  pipe  aggregating  440 
square  feet  total  heating  surface.  The  high  pressure  clearance 
is  2  per  cent.;  the  low  pressure  is  given  as  3  per  cent.  The 
diameter  of  the  fly  wheel  is  15  feet  and  its  weight  65,000  poimds. 
The  main  bearings  are  17  inches  diameter,  35  inches  long;  the 
diameter  of  the  shaft  between  the  bearings  20  inches.  The 
diameters  of  the  steam  and  exhaust  pipes  are  9  inches  and  20 
inches  respectively. 

20.  Ten  separate  tests  were  made  on  this  engine  in  order  to 
determine  its  economy  at  different  loads,  both  with  and  without 
the  jackets  and  reheater  in  use.  Of  these  tests,  five  (viz.:  tests 
3,  4,  6,  8  and  10)  were  with  the  jackets  in  use,  and  were  with 
loads  increasing  from  one-quarter  load  to  an  overload  of  one- 
quarter.  Four  tests  (viz.:  tests  5,  7,  9  and  11)  were  without  the 
use  of  jackets  and  reheater  and  were  with  loads  varying  from 
one-half  to  an  overload  of  one-quarter.  Another  test  (number 
12)  was  made  at  full  load  with  jackets  and  reheater  in  use  and 
with  a  greater  boiler  pressure  than  in  the  previous  runs  so  as  to 
test  the  engine  more  nearly  under  its  rated  conditions. 

21.  The  principal  results  of  these  ten  tests  are  given  in  Table 


45t>     SUPERHEATED  BTEAH  AND  REHEATEB6  IN  GOUPOHMS  SHeUO. 


sSs 

=-  P  -S-sissassjisji 

3 

=":«=ss5s|.ai.^| 

S 

S  ; 

0-5         ""=»     :=.«.. o=q»« 

^ 

a. 

■ooe.=              ..    -6 

--B-iS-g  :3»ai|isi 

s 

;e8JSS3  1  SIf 

°-|s-ii5sMssiii5i 

s 

9  :  : 
S  :  : 

s 

s 

i  \  pB^Hgi  1  =82 ; 

«i"lsSpssaiips 

s 

ess 

2— 

ielKss  5  Sas" 

issgj  5  ::: 


sasas3aiis>a  a  ssss 


FE&BSATED  STEAH  AND  REHEATERS  IN  COUPOUND  EKOIKES.     457 

The  combined  indicator  cards  are  shown  in  Figs.  6  to  16. 
examining  the  conditions  under  which  these  tests  were  made 
ill  be  seen  that  the  superheat  was  slight  in  all  cases,  but  wait 
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atcr  during  the  series  o£  tests  without  jackets  and  reheater. 
e  vacuum  was  not  constant,  but  fell  at  tlie  liigher  loads;  it 
traged  higher  than  in  the  testa  of  any  of  the  other  engines. 
order  to  eliminate  the  effect  of  variation  in  the  vacuum  on 
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the  economy  of  the  engine  a  correction  has  been  applied  reduc- 
ing all  the  results  to  an  effective  vacuum  of  26  inchcB.  Tlui 
correction  is  obtained  by  adding  to  the  mean  effective  piesann 
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of  the  low  pressure  {nlimlcr  tlic  difference  between  the  absolab 
I'ict'snrc  corr<'!i]i()inliiij>;  to  ^0  inches  vacuum  and  that  correspond 
iiig  to  the  iictiial  etfpotiv(?  vacuum  shown  by  the  cards  am 
rcciirded  in  line  11.     The  corrected  results  are  given  in  line  3£ 
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"Or  the  purpose  of  comparison  of  results  the  figures  in  this 
re  the  most  satisfactory  to  use,  since  they  not  only  eliminate 
Eciency  of  the  feed  water  heaters  but  also  reduce  all  results 
M)mnion  vacuum. 
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2.  The  corrected  heat  consiiiii])tion3  per  indicated  horse- 
■  er  per  minute,  and  the  method  of  variation  with  the  engine 
I,  are  sliown  grapliicully  in  Fig.  KH  ;  the  same  figure  shows  also 
percentage  of  the  total  steam  used  in  the  jackets  and  re- 
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iieator.  The  most  striking  feature  of  the  cvrvea  is  the  Tnm\ 
variation  of  the  efficiency  of  the  engine  when  jackets  and  reheatc 
are  used  throughout  the  range  of  load  from  one-half  load  to  ou 
quarter  overload.    Within  this  range  the  total  Tariation  of  ana 
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omy  did  not  exceed  2  per  cent,,  and  the  economy  was  gre»* 
about  the  rated  load.  It  should  also  be  noted  that  the  perc 
of  the  tot^l  steam  used  in  the  jacket  and  reheaters  is  lowee 
the  efficiency  ia  greatest. 
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.  \7ithout  the  jackets  and  reheater  in  use  the  economy  in- 
jes  with  increase  of  load,  and  in  such  way  as  to  indicate  that 
e  would  be  hut  little  advantage  in  the  use  of  jackets  and 
ater  when  the  engine  is  much  overloaded.     With  light  loads 
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Engine  B.  -  Tert  7. 

Three-quarters  Load  without 

Jackets  and  Reheater. 

831-I.H.P. 
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°P » full  load  the  saving  by  jackets  and  reheater  ranges  from  9 
P*f  cent,  and  is  obtained  by  using  from  10  to  7  per  cent,  of 


"til  steam  in  the  jackets  and  reheater.     The  increase  in  econ- 
j  With  the  load  and  the  reheater  ip  use  would  have  been 
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greater  had  the  reheater  been  of  greater  capacity.  As  i»  seen  in 
line  10,  the  superheat  of  the  steam  entering  the  low  pressure  cyV 
inder  decreased  from  100  degrees  to  46  degrees  as  the  amoant  ol 
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Bteniri  used  incrciised.  This  is  probably  the  reason  for  the  clo« 
iipproiicli  of  liif  twii  hciil  consiiiiiption  curves  in  Fig.  130.  Ai 
fxiiiiiiii!ilL-ii]  "f  the  iri.lii-iuc.r  i-ards,  Figs.  120  to  129,  and  of  the 
stcniti  ipialitics  tabulated  in  lines  23  to  26  of  Table  II.,  ahom 
that  tlu'  qiiHlities  during  expansion  in  the  high  pressure  cylinder 
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slightly  affected  by  the  steam  jackets.  On  the  other 
e  qualities  during  expansion  in  the  low  pressure  cylinder 
ry  clearly  the  beneficial  results  of  reheating,  especially 
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low  load  tpsts  where  the  superheat  in  the  receiver  was 
f.  Tin'  rise  nf  the  end  i>f  the  expinisiim  Hue  of  the  high  pres- 
ril^  at  light  loads,  Figs.  121,  12:i  and  lii.'J  results  from  the 
of  steam  from  the  receiver  to  the  high  pressure  cylinder 
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due  to  the  lifting  of  the  exhaust  valve  from  ita  seat  when  tht 
pressure  in  the  cylinder  becomes  less  thftn  that  in  the  leceiver. 

Tests  of  Engines  C,  D,  E  and  F. 

24.  The  engines  C,  D,  E  and  F  are  all  located  in  the  new 
engine  room    of    the  Atlantic  Avenue  station  of    the  EdiMa 
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Electric  Iliuminntina:  Companj',  and  are  almost  identically  ( 
ilar  units,  each  rated  at  about  2,400  indicated  horse-power 
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;oniiected  to  a  1,600  kilowatt  direct  current  General 
generator.  The  eylindera  are  all  29  inches  and  60  inches 
iches;  the  flj  wheels  18  feet  diameter  and  130,000  pounds 
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weight;  the  main  bearings  24  inches  diameter  and  48  inches 
^',  the  shafts  between  the  bearings  27  inches  diameter;  the 
«iin  and  exhaust  pipes  10  inches  and  24  inches  diameter  respec- 
"sly.  The  high  pressure  clearances  are  2.75  per  cent.;  the 
•»  pressure  clearances  4  per  cent. 
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25.  Engines  C  and  D  liavc  each  740  square  feet  of  reheatiiif 
surface  in  tlie  receiver;  the  other  two  engines  have  each  80C 
square  feet.      Tlie  only  other    differences    between  these  fom 
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t'l.t.  130. 

(■n^inos   i:ro   niitior   iliffereiiccf!   in   the   valve  gearmg. 

C  and  D  were  tested  in  1!I01;  engines  E  and  F  in  the  foUowimj 

year.      All  these  four  engines  exhaust  into  a  central  condennttf 

plant  coneisliiig  of  jet  condensers  and  Blake  twin  vertical  &ii 

punipd. 
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Che     measurement    of   the    feed-water    was    accomplished   by 

use    of   2-inch  Worthington  hot  water  meters,  one  at  each 

ler    employed  during  the  list.     These  metera  were  calibrated 

Bending  known  weights  of  water  through  them  at  each  of 
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tliree  different  speeds.  The  middle  speed  in  each  case  was  ap- 
proximately the  average  speed  of  working  of  the  metera  during 
the  test-  The  meters  showed  errors  which  wore  practically  con- 
*int  throughout  the  range  of  speeds  employed,  so  that  their 
widings  could  be  used  with  complete  confidence.  Boiler  leak- 
»fe  tests  were  made  as  usual  after  each  run. 
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26.   TUp  following  tests  were  made  on  ttese  engines : 

Engine  C  was  tested  at  full,  three-quarters  and  half  loads  with 

ia^ets  and  rehcnt^r  in  use,  and  at  full  load  ^vithout  steam  in  the 

ami  rcheater. 

fine  D  was  tested  at  half  load  and  at  full  load,  hotli  witli 

Lout  i.U'11111   in   the  jaokot  ami   rccfivcT,   hut   :h   :i   drip 


wliic'h    should   Lave    heen    closed,    was    ffnuid    to    he 
f'Op*'nod  after  the  two  half-load  tests,  the  n-siills  nf  thcso 
fit  given  here,  and  the  table  of  reswlta  ootitdins  only 
lll^obtttiiied  at  full  load. 

^^pnc    A"   was    tested   at  fnl!    and   n1    Iiiilf   loml    witli    jneketa 
■Hmestcr  in  use, 

Uigine   F  was  tested   only   at  full  loud,   witli   steam   in   the 
jickets  and  reheater. 


470     SUPERHEATED  STEAM  AND  REHEATERS  IN  COMPOUND  ENOIKE 

27.  The  principal  results  of  these  nine  tests  are  collecte 
Table  III.  The  combined  indicator  cards  for  the  same  tests 
shown  in  Figs.  134  to  142. 

28.  The  tests  on  engine  C  show  the  efficiency  of  the  engii 
change  very  slightly  with  change  of  load, — ^the  better  ecoi 
at  half  load  being  principally  due  to  the  better  vacuum,  tb 
this  is  offset  in  part  by  the  lower  superheat  of  the  admi 
steam. 

The  saving  by  jacketing  and  reheating  at  full  load  is 
3  per  cent.     The  jacketing  is  shown  by  the  steam  qualiti< 
the  high  pressure  cylinder  to  be  of  no  value  with  80  de| 
admission  superheat,  and  the  reheater  is  of  but  small  value ' 
it  superheats  only  60  degrees. 

29.  The  economic  results  of  engine  D  are  better  tha 
engine  (7  as  a  result  of  higher  superheat  of  the  admission  s 
and  a  better  vacuum.  The  effect  of  the  higher  superheat  is 
plainly  shown  by  the  very  high  steam  qualities  during  expai 
in  the  high  pressure  cylinder.  The  saving  in  this  engine  b; 
use  of  jackets  and  reheater  is  4.5  per  cent. — a  little  greater 
in  engine  C  The  full  load  tests  on  engines  E  and  F  , 
results  agreeing  very  closely  with  those  obtained  on  engine 
the  running  conditions  were  very  similar  in  all  three  ( 
The  half  load  test  on  engine  E  gives  the  same  economic  resi 
the  full  load  test  on  the  same  engine. 


Tei<tfi  of  FrngineB  Gj  S  cmdK. 

30.  Tlioso  engines  are  part  of  the  new  plant  of  the  Caml 
Electric  Light  Company,  and  correspond  to  station  numbers 
and  3  rosp(Htivcly.  A  description  of  the  plant  is  to  be  fou 
the  '"  EngiTicering  Record ''  for  November  1,  1902. 

31.  Engines  G  and  11  are  exactly  similar  units,  18  inche 
38  inches  by  42  inclies,  developing  760  indicated  horse-poM 
.24  cut-off  with  135  j)onnds  initial  steam  pressure  and  26  i 
effective  vacuum,  and  direct  connected  to  600  kilowatt,  60 
alternating  gone  rotors  built  by  the  General  Electric  Coni 
Enainc  A'  has  cvlin<lcr  dinu-nsions  31  inches  and  64  inches 
inche>,  <lcvcln])s  2,320  indicated  horse-power  at  .24  cut-ofl 
13.")  ]»(»nnd>  initial  steam  pressure  and  26  inches  eff 
vacnnni  an<l  i.^  direct  connected  to  a  1,500  kilowatt  General 
trie  ir<ncrat(.»r. 
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32.  A  sliglit  leak  w&s  found  in  the  reheater  coUb  (tf  ei 
so  that  this  engine  was  run  only  without  steam  in  the  i 
Engine  K  had  Veen  used  but  very  little,  and  had  not  wo 
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to  such  gootl  condition  as  the  other  two  eng^ea.  Its  goven 
found  to  stick  at  very  light  loads,  and  the  consequent  h 
made  it  iin]iracticablt;  to  obtain  satisfactory  friction  ctrdi 
the  engine  when  running  without  load.     In  all  other  n 
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itions  were  favorable  for  satisfactory  tests  of  all  three 
iring  the  tests  the  whole  of  the  Bteam  geherated  in  the 


_ 

\ 

-^ 

teal 

iQx 

alit 

.r' 

, 

Engin*  C.  -  Test  J4. 

Full  Loud  willioiit  JiiL'ktls 

and  n cheater. 

2239.8-I.II.P. 

1 

\ 

v 

\ 

\ 

\ 

\ 

\\ 

\, 

\ 

mj» 

..H.J 

V 

« 

as 

) 

— 

— 



ion 

.H.P 

=^ 

^^ 

N- 

=" 

*»8  used  for  the  engine  under  test  and  its  auxiliaries, 
lin  engine  was  supplied  from  one  or  more  main  boilers; 
liliaries  from  an  auxiliary  boiler.  The  feed  to  the  main 
'  was  determined  by  direct  weighing.     Tlic  engine  under 
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test  carried  the  total  station  load,  and  to  this  was  added  Ai 
power  absorbed  by  a  water  rheostat,  continuously  adjnsted  torn 
to  keep  the  siiiii  of  the  loads  constant.     The  tests  were  made  ■ 
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April  and  !^^a; 

by  students  ii 

0  two  full  li^iid  U'A^  were  made,  one  witli,  the  other  withoBt 

steam  adiiiiiisiun  to   the   jackets  and  reheater.     Only   one  tot 


mo;!,  and  were  conducted  by  the  writer,  asauted 
■iijiineeciiiij  of  Harvard  University.     On  engiiw 
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rms  made  on  engine  H;  a  teat  mth  about  20  per  cent,  overload 
lud  -without  steam  in  the  jackets  end  reheater.  Engine  K  was 
tested  at  full,  half  and  quarter  loads  with  the  jackets  and  re- 
heater  in  use,  and  at  half  load  without  them. 
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34.  The  principal  rcsulta  of  the  testa  on  engines  Q,  II  and  K 
■re  collected  in  Table  IV.  The  combined  indicator  cards  for 
the  seven  tests  are  given  in  Fif^s.  143  to  149. 
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35.  The  engines  G  and  H  are  the  smallest  of  the  whole  series 
ested.  The  results  of  the  two  full  load  teats  of  0  agree  very 
loBely  with  the  results  of  the  tests  9  and  8  of  engine  B  under 
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rail  load,  although  this  latter  engine  is  SO  per  cent,  larger  than 
6.  The  rehcatera  gave  practically  the  same  superheat  in  both 
«»»;  the  steam  pressures  in  tlie  high  preasure  cylinders  were 
ptactioally  the  same,  so  that  the  disadvantage  of  anialler  size  and 
poorer  vacuum  in  engine  G  is  just  about  offset  by  the  greater 
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Buperhe&t  of  its  admissioii  steam.  The  gain  by  the  use  of  jubtt 
and  rehcatcr  ^vas  about  7  per  cent,  in  both  cases.  It  iriH  Is 
seen  by  an  examination  of  the  steam  qualities  in  the  hi^  pioi- 


—■ 

Ste: 

L  Q 

ual 

ti^ 

" 

\ 

"" 

Engine  D.  -  Test  18. 

Full  Load  >vUhout  Jaclcete  and 

Keheater. 

2215.1-T.H.P. 

,« 

' 

\ 

^\ 

\\ 

« 

' 

fffl.O 

u-p) 

N 

V 

; 

I 

( 

^ 

\. 

"~- 

1" 

1 

i«j 

If' 

^: 

^:^ 

, 

V 

^ 



_ 

_ 





_- 

>> 

»....^Vi,lu> 


nro  cylinilrr  that  tho  jackiit  ia  offective  in  this  eomparati^ 
small  cyliinkT  oven  witli  motk'ratc  superheat  at  the  throtW 
'llif  i«Tfoniiuncc  of  engine  II  at  20  per  cent  overload  is  <^ 
i-idcrably  better  than  that  of  cnpino  B  under  approximately  *" 
ilor  conditions.     That  the  superheat  of  the  Rdmisaion  Bte»*  ' 
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respoDsible  for  this  is  suggested  by  the  higher  quality 
1  in  the  high  pressure  cylinder.  This  partionlar 
Sy  was  Imowa  to  be  in  better  condition  than  O,  its 


^ 

Ste 

m 

iual 

tiee 

Engin*  E.  -  Te»t  19. 

Full  Load  with  Jackets  and 

Eoheater. 

2230.1-T.H.P. 

1.11 

ItP, 

BU 

[ 

] 

■— 

■\ 

lULl 

La: 

^ 

"^ 

— , 

- 

= 

V- 

" 

% 





_ 



™> 

vere  tighter  and  it  had  run  with  unusual  smoothness 
I  beginning.     The  distinctly  better  performance  of  kbis 
s  compared  with  the  similar  engine  G,  is  to  bo  accounted 
by  the  superior  condition  of  tlic  engine. 
le  teste  on  K  again  emphasize  the  fact  brought  out  on 
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teets  of  C  and  E  that  the  cfGciency  throughout  the  ardiniif 
range  of  londK  is  practically  constant  in  these  engines,  thon^  it 
naturally  falls  off  when  the  load  is  reduced  to  one-quarter.  The 
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ailvantago  of  jackctiiip  and  reheating  is  again  found  to  be  abou 
7  jKT  cent. 

T- III lonit 'ii-e-i'i^tminj  Dia 


V,1,  'JeriipcTahiiv-ciitPdjiy   dijifiranis   for  the  teata    on   engine 
(i.  II  and  A'  arc  jrivcji  in  Vi-zf.  1 OO  to  15i».    There  is  one  omidsiot 
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lat  27.  The  combined  indicator  card,  Tig.  148,  for  thia 
B  that  considerable  Bteam  returns  from  the  receiver  to 
pressure  cylinder  after  release,  and  the  osBumption  of 
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weight  of  acting  substance,  ncccsaary  for  the  oonstnio- 
le  temperature-entropy  diagram,  would  give  BUpcrbeated 
the  exhaust  from  the  high  pressure  cylinder.  It  is 
ossible  to  draw  a  temperature-entropy  diagram  without 
ietorting  the  facts. 
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38.  Ill  each  of  tlir  Figs.  150  to  155  the  high  pressure  and  lo' 
pressure  cards  have  a  common  pair  of  reference  curve*.  A 
drawn  thej  arc  valuable  mainlj  in  indicating  when  the  hei 
losses  occur.     They  assume  that  the  total  steam  acting  in  eae 
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cylinder  (ihc  stiiii  of  the  stemii  nditiittcd  and  of  the  olearancf 
sicaiii)  ^veiglis  just  one  )]Ound.  The  relative  amounts  of  workiloni 
in  the  two  cylinders  will  consequently  be  shown  correctly  in  siicl 
a  teinpcrat  iirc-entropy  diagram  only  in  the  caae  when  the  acttu 
total  weights  of  stcnin  acting  during  expansion  are  the  same  i'. 
iioth  cylinders, 

"it.  In  the  engines  under  consideration  the  weights  of  steac 
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ing  in    tlie   two  cylinders  were  different  in  every  case;  (a) 

;au&e    tlie    weights  of  clearance  steam  remaining  over  in  the 

o  cylinders  is  different  in  every  case,  and  (h)  because  in  many 

the  tests   part  of  the  steam  admitted  to  the  high  pressure 
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'vlimlcr  <loM  not  go  to  the  low  pressure  (^ylindor,  hut  is  drained 
from  the  receiver.  In  order,  then,  to  get  a  correct  relation  of 
uie  temperature -entropy  diagrams  of  the  two  cylinders,  each 
ai«gram  should  be  drawn  with  respect  to  its  own  pair  of  refer- 
ence eur\-e3,  and  each  pair  of  reference  curves  should  preferably 
I*  drawn  for  tho  actual  Weight  nf  stciini  present  during  expan- 
rion  per  revolution. 
*0.  Fig.  150  shows  the  tciu|UTalnre-fiitr(.|i\-  diiigrani  for  the 
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full  load  test  (No.  25)  on  engine  K,  drawn  to  give  correct  qnin- 
titative  rcsuJts  for  ono  revolution.  The  curves  ab,  ed,  ire  the 
reference  curves  (i.e.,  the  entropy  curves  for  water  and  for  iij 
and  saturated  steam)  for  the  high  pressure  card;  the  low  pren- 
ure  card  has  ef  and  gh  for  ita  reference  curves.     The  positinr 
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fif  anv  ]>'>iiit  on  lliese  cards  witii  respect  to  the  proper  pair  of 
rcfc'ivnco  cnrvcH  pveij  \\\v.  quality  of  the  steam  at  that  point  on 
tlip  nssiiiiiii'i'iii  iliat  all  tlic  admission  and  clearance  steam  are 
in'ir^int  in  tlio  cyliiidir.  Tlic  areas  of  the  cards,  when  multiplied 
tiy  tlie  i<r<'iU[[-t  of  ilie  ^(-iile^  of  ordinates  and  abscissffi,  give  the 
Iicaf  rcinivjtleut  of  tlie  actual  work  done  per  revolution. 

-II.  To  liinl  lln'  tlioi'tmidytiaiiiic  efficiency  of  each  of  the  (Cyl- 
inders and  of  till-  wlioli'  nnginc  sonic  additional  construction  ii 
iieciSiiary,     T!ii>  diafriaiii  must  !^llow  the  heat  added;  that  ia, 
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heat  of  formation  of  the  admission  steam  measured  above 
>roper  starting  temperature.  It  is  necessary,  then,  to  elim- 
e  the  clearance  steam  from  the  diagram.  To  accomplish 
,  take  the  points  k  and  I  on  the  two  cards  corresponding  to 
beginnings  of  compression.   At  this  point  of  the  cycle  experi- 
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Fio.  146. 


»ent  has  indicated,  and  it  is  customary  to  assume,  that  the  clear- 
Dce  steam,  which  alone  remains  in  the  cylinder,  is  dry  and  satu- 
■ted.  The  point  A;  may  be  taken  as  a  point  on  a  new  reference 
ine  giving  the  entropy  of  the  admission  substance  as  water  at  that 
cmperature  and  the  new  reference  curve  Ao  may  be  drawn  for 
ke  weight  of  substance  admitted  to  the  hijrb  pressure  cylinder  per 
«Tolution,  The  dry  and  saturated  steam  refercnee  curve  np 
ior  the  same  weight  of  substance  ia  constructed  as  usual  by  tak- 
ig  horizontal  ordinates  such  as  op,  kn,  of  length  equal  to  the 
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increase  in  entropy  in  converting  the  weight  of  water  s 
admitted  per  revolution  from  water  at  a  certain  temperature  b 
drj  and  saturated  steam  at  the  eame  temperature.  The  point 
of  the  new  reference  curve  np  will  fall  on  the  curve  ed  iot  i 
total  steam  acting,  because  the  point  h  has  its  entro[^  equal 
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the  sum  rif  tlic  entropy  of  tlie  dry  and  saturated  clearance  stea 
[>his  the  entropy  of  the  admission  steam  as  water  at  the  sin 
temperature. 

42.  hi  a  similar  way  a  new  pair  of  reference  curves,  iq,  r 
can  be  drawn  for  the  low  pressure  cylinder,  eliniinatiDg  the  elea 
ance  steam. 

The  area  under  Bop  (measured  down  to  absolute  zero  of  ta 
peruttire)  pives  the  heat  supplied  to  the  high  pressure  cylimfc 
if  the  stenin  admitted  is  dry  and  saturated;  aa  it  is  actaill 
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ated,  the  area  under  Bopt  is  the  correct  measure  of  the 
lat  going  to  the  cylinder  per  revolution.  In  finding  the 
•■y  of  the  engine  there  must  be  added  to  this  the  heat  ^ven 
»e  liigh  preeaure  jackets  and  the  reheater.  The  heat  given 
heae  two  places  cannot  he  separated  in  these  tests,  so  it 
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all  be  assumed  to  be  given  to  the  high  pressure  cylinder. 

steam  going  to  the  jackets  and  rclicatcr  gives  up  only  its 
at  heat  and  superheat;  couscqueiitly,  if  pu  is  the  increase  of 
T)py  during  vaporization  of  the  steam  used  in  the  jackets  and 
fater  per  revolution,  and  if  uv  is  the  entropy  line  for  the  super- 
ting  of  all  the  steam  going  to  the  engine  per  revolution,  the 
1  under  £our  gives  the  total  heat  going  to  the  engine  per  revo- 
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lution.     The  heat  in  that  part  of  the  steam  goii^  thn 
cylinders  is  measured  above  the  low  pressure  exhai 
atnre^  and  that  of  the  steam  used  in  the  jackets  is  meaBiired 
the  saturation  temperature  of  steam  at  the  admission 
The  area  under  Bouv  gives  then  the  total  heat  supply  per 
tion  measured  above  the  ideal  feed  temperature.     The  work 
by  the  ideal  (Kankine)  engine  working  under  the  same  condil 
is  represented  by  the  area  BouvD.     The  efficiency  of  the 
engine  compared  with  the  ideal 

_  II.  P.  area  +  L.  P.  area 
""  BouvJJ 

The  efficiency  of  the  high  pressure  cylinder,   considered  i 

separate  engine,  compared  with  the  ideal 

_  II.  P.  area 
~~  X  0  uv  w' 

The  efficiency  of  the  low  pressure  cylinder  compared  with 
ideal 

_  L.  P.  area 
'"  Aqsy  C 

43.  It  is  to  be  noted  that  Rankine's  unjacketed  cycle  has 
used  as  the  ideal  although  the  high  pressure  cylinder  is  ji 
It  is  also  to  be  observed  that  the  efficiency  of  the  high 
eylindcr  as  defined  above  is  less  than  its  actual  efficiency 
of  the  assumption  that  the  heat  of  the  reheater  steam  goes 
the  high  pressure  cylinder. 


The  Value  of  Illgh-pressure  Jackets  and  <q 

44.  There  are  certain  facts  which  the  writer  believes  may 
postulated  with  reference  to  the  effectiveness  of  jacketing 
reheating,  and  whicli  are  supported  by  the  results  of  these 

45.  The  saving  bv  jacketing  varies  with  the  following 
(a)  It  increases  as  the  cut-off  becomes  earlier. 
(6)  It  decreases  as  the  superheat  of  the  entering  sti 

creases. 

(c)  It  decreases  with  increase  in  size  of  the  engi     . 
4G.  There  is  no  saving  by  reheating  when  the  n 
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■e  tban  to  dry  the  steam.  If  there  is  any  advantage  in 
Iry  and  saturated  steam  in  the  low  pressure  cylinder  over 

of  ■wet  steam,  it  can  be  obtained  by  the  use  of  a  separator 
n    the   cylinders.     In  tests  2,  7,  9  and  24,  when  the  re- 

-mas  uot  in  use^  the  receiver  acted  as  an  almost  perfect 
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trator,  taking  away  all  the  condensation  which  calculations 
Ked  to  have  occurred  in  the  high  pressure  cylinder.  If  the 
eater  merely  vaporizes  the  condensed  steam  at  the  expense  of 
racticallj-  equal  quantity  of  high  pressure  steam  it  is  not  only 
i-effective  but  is  also,  probably,  a  source  of  actual  loss,  since 
re  work  could  have  been  obtained  from  the  total  steam  used 
it  had  all  gone  into  the  high  pressure  cylinder.     The  reheater 
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then  should  be  regarded  merely  as  a  superheating  device  f< 
etcam  entering  the  low  pressure  cylinder,  and  it  may  be  ex\ 
to  be  more  effective  the  greater  the  amount  of  superheat  it 
the  receiver  steam.  It  is  probable  that  the  reheater  voi 
more  effective  if  the  only  work  were  Buperheating,  as  it  mi) 
if  the  wet  steam  exhausting  from  the  high  pressure  cy 
passed  through  a  good  separator  before  reaching  the  reli 
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As  the  rehontcr  will  have  less  to  do  when  the  engine  is  n 
at  low  loads  it  may  be  expected  to  give  a  higher  superheat 
Inailfi,  iind  c'luscqucntly  to  be  more  effective.  With  the 
ill  ]uin(I,  :iii  examination  of  the  tests  already  described  (the 
f'i(nil  results  of  wliii-h  arc  collected  in  Table  V.  for  mow 
ins]>irtii>n)  throws  ranic  H^ht  on  the  conditions  under  whit 
jackctiug  of  the  high  prossiii-e  cylinder  and  the  practice  i 
heating  arc  dt'sirablr,  and  shows  the  saving  to  be  expected 
them  in  large  size  engines. 
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47.  In  eng7ne  A,  where  saturated  steam  is  used,  the  jacket 
!it  full  Inuii,  kee])  the  HU'ain  about  6  per  cent,  drj-er  in  the  hif 
pressure  cylinder  and  the  reheater  superheats  35  degrees.  J 
the  greater  part  of  the  6.8  per  cent,  of  the  total  steam  vhich 
condensed  in  the  jackets  and  reheater  must  hare  been  oondemt 
in  the  latter  place,  it  is  obvious  that  the  reheater  cannot  hw 
contributed  anything  to  the  small  total  saviiig  of  1.3  per  cent. 
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4^.  The  oonditioits  in  ongiuc  B  are  much  more  eatiafactoiy  : 
directive  ;ic[ir)ii  ni'  jackits  jiix)  reheater,  especially  at  the  loi 
liiudi-.  '\'\iv  L'liginc  is  fiiialk'r,  and  its  reheater  ir  more  effect!' 
At  liiilf  I'lnd,  with  7.)  degrees  superheat  of  tho  poewver  stca 
the  saving  was  !t  per  (-ent.;  at  tlircc-fourths  load  with  60  d^n 
superheat  there  was  7  per  cent,  saving;  at  full  load  with  46  degn 
superheat  tliere  was  still  7  per  cent,  saving,  and  even  at  oi 
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quarter  overload  with  20  degrees  superheat  there  was  4  per  cent, 
saving. 

49.  The  larger  engines  C  and  D  with  80  degrees  and  98 
degrees  initial  superheat  and  60  degrees  superheat  by  the  re- 
heater  show  but  3  per  cent,  and  4.5  per  cent,  saving  respectively. 

50.  The  engine  G  is  only  one-third  the  ppwer  of  engines  C  and 
V,  consequently  the  jackets  are  much  more  eflfective  (raising 
the  steam  quality  10  per  cent,  in  the  high  pressure  cylinder),  so 
that  with  49  degrees  superheat  going  to  the  low  pressure  cyl- 
inder the  saving  is  7.5  per  cent. 

51.  The  tests  on  engine  K  at  half  load,  with  59  degrees  super- 
heat by  the  reheater,  show  7.2  per  cent,  saving.  The  engines 
C,  D  and  K  have  sufficient  initial  superheat  and  are  of  such 
size  as  to  make  the  high  pressure  jackets  of  but  little  value,  so 
that  the  savings  shown  are  due  principally  to  the  action  of  the 
reheater. 
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52.  A  study  of  the  above  results  appears  to  indicate  that  tlifl 
reheater  will  not  justify  its  use  (except  as  a  separator)  unless  it 
superheats  the  low  pressure  admission  steam  at  least  30  degree*. 
An  examination  of  the  qualities  at  release  in  the  low  pressur* 
cylinders  indicates  that  100  degrees  superheat  of  the  receivet 
ateam  will  probably  be  enough  to  make  the  steam  dry  and  satnr- 
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atod  at  release.     As  it  is   not   desirable  to   have    super 
steam  at  release  this  suggests   the  probable  deairable   li 
the  amount  of  superheat  to  be  given  by  the  reheater. 

T/ie  Vfilue  of  Moderate  Superheating. 

5.?.  The  engines  C,  J),  E,  F,  0,  IT  and  K  were  all  si 
with  steam  fn.ni  Kaheook  and  "Wilcox  boilers,  fitted  with 
heaters  giving  from  100  degrees  to  135  degrees  superheat 
boiler  when  running  at  the  rated  power.     The  amount  of 
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at  the  engine  depends  on  the  load  at  which  the  engine  is 
ing;  (a)  because  the  superheat  at  the  boiler  decreases  as  its 
is  decreased,  and  (b)  because  the  fall  of  temperature  in  the 
a  pipe  increases  as  the  weight  of  steam  passing  through  it 
oisliea.  For  these  two  reasons  the  superheat  was  less  at  low 
1  than  at  higher  loads  except  in  some  cases  where  the  number 
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£  boilers  used  cotild  be  decreased  as  tlic  load  decreased.  As  the 
iperheat  going  to  the  low  pressure  cylinder  when  the  reheaters 
ere  in  use  varied  in  the  opposite  way;  that  is,  increased  with 
ecrease  of  load,  these  two  variations  tended  to  offset  one 
nother  in  their  influence  on  the  engine  efficiency.  The  tests 
ithout  the  reheaters  in  use  will  then  be  the  most  valuable  for 
liowint?  the  influence  of  the  superheat  of  the  high  pressure 
team.  The  tests  at  full  load  show  that  engine  A  uses  248 
Iritish  thermal  units  per  indicated  horse-power  per  minute  with 
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no  superheat;  engine  C  of  about  the  B&me  size  with  78  degreei 
superheat  uses  239  British  thermal  units,   and  engine  D  with 
(18  degrees  superheat  uses  226  British  thermal  units,  a  Mving  of  i 
about  9  per  cent ;  some  of  which,  however,  is  also  due  to  a  better 
vacuum  and  better  cylinder  proportions.     Engine  B,  a  souUei 
engine,  uses  267  British  thermal  unitd  with  15  degrees  super- 
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heat — ^wliifli  ii  practicnlly  the  same  result  as  that  obtained  from 
G,  a  still  smaller  oiigiuc,  with  a  poorer  vacuum  but  with  73 
flogrcpa  superli<nt.     In  the  test  of  D  with  98  degrees  superheat  ' 
ihe  'juality  of  tho  slemii  at  release  is  87  per  cent.,  so  that  it  il 
cviilent  that  wlieu  the  jackets  are  not  used  a  much  greater  Buper-  , 
lieat  is  dcsirablf  in  onler  to  prevent  condensatioii  in  the  hi^  i 
pressure  cylinder — prnhiilily  at  least  150  degrees  will  be  necet-  ! 
sary.     An  even  firciilrr  superheat  will  be  neeessaty  to  keep  the   , 
steam  dry  in  both  cylin<]ers.     A^'ith  the  jackets  in  uae  and  widi    j 
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i  degrees  superheat  the  quality  in  the  high  pressure  cylinder  at 
it-off  is  90  per  cent.,  and  at  release  is  94  per  cent.  The  ad- 
intage  gained  by  superheating  is,  of  coarse,  greater  in  the 
0*1161:    engines. 

VAt?   Variation  of  Econom,y  with  Engine  Load. 

54,    The  engines  B,  C,  E  and  K  were  all  tested  at  several  loads 

o  as  to   determine  the  effect  of  variation  of  engine  load  on  the 
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efficiency  of  the  engine.  In  all  the  cases  (engines  C,  E  and  K) 
where  moderately  superheated  steam  was  admitted  to  both  cyl- 
inders the  important  fact  was  brought  out  that  the  heat  con- 
sumption per  indicated  horse-power  is  practically  constant 
through  a  range  of  load  varying  from  one-half  load  to  full  load, 
and  probably  even  to  a  considerable  overload.  The  apparent 
exception  in  the  better  performance  of  engine  C  at  half  load  is 
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probably  due  to  a  better  vacuum  at  that  load.     The  geoenl 
result  was  to  be  expected  because  the  effect  of  auperheat  is  to 
reduce  the  amount  of  heat  disappearing  during  admission,  ud, 
consequently,  to  permit  the  increased  expansion  at  low  lotds  to 
occur  without  excessive  cylinder  condensation.     In  engme  B, 
with  very  small  superheat  of  the  admission  steam,  there  is  i 
slight  decrease  in  economy  as  the  load  decreases  from  full  load, 
and  in  the  tests  without  reheater,   and  consequently  with  no 
superheat  going  to  tlie  low  pressure  cylinder  this  decrease  in 
economy  is  very  marked. 

55.  It  is,  perhaps,  hardly  necessary  to  emphasize  the  fact  thil 
the  constancy  of  heat  consumption  referred  to  above  is  in  termi 
of  the  indicated  horse-power.  In  all  these  engines  the  frictioi 
horse-power  is  low,  and  the  mechanical  efficiencies  at  the  ratw 
loads  are  high,  varying  (see  Table  V.,  line  25)  from  91.4  pe: 
cent,  to  94  per  cent,  and  averaging  93.2  per  cent-  The  frictioi 
horse-powers  were  determined  by  taking  cards  with  no  load  oi 
the  engine,  but  they  really  represent  more  than  the  friction  o 
the  engine  proper,  since  they  include  some  losses  properly  charp 
able  to  the  generator — such  as  the  brush  friction,  the  armatui 
windage,  the  bearing  friction  of  the  armature  and,  in  some  case 
a  low  excitation  of  the  field.  Consequently,  the  real  mechanio 
efficiencies  of  the  engines  are  somewhat  higher  than  the  qnii 
titics  given  in  the  table. 

56.  The  low  friction  of  the  engine  causes  the  heat  consum 
tion  per  electrical  horse-power  to  change  a  comparatively  ami 
amount  as  the  load  decreases;  the  heat  consumption  per  kilowa 
I)er  hour  will  be  some  6  or  7  per  cent,  greater  at  half  load  than 
full  load. 

The  Radiation  and  Conducticn  Heat  Los9eB, 

57.  In  those  tests  whore  the  reheater  was  in  use,  the  knoi 
edge  of  the  exact  condition  of  the  steam  entering  the  low  pre 
ure  cylinder  permitted  the  determination  of  the  heat  lost 
radiation  and  conduction  from  the  high  pressure  cylinder  a 
the  receiver.  The  total  heat  of  the  steam  coming  to  the  engi 
is  the  sum  of  the  four  following  quantities  : 

(1)  The  heat  going  to  the  low  pressure  cylinder. 

(2)  The  heat  equivalent  of  the  work  done  in  the  high  pw 
ure  cylinder. 
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(8)  The  heat  escaping  with  the  reheater  and  receiver  drainage. 
(4)  The  heat  lost  by  radiation  and  conduction  from  the  high 
•assure  cylinder  and  the  receiver. 

The  first  three  quantities  can  be  calculated  from  the  observa- 
m  made  on  the  test,  and  consequently,  the  last  quantity 
in  be  determined  by  the  heat  balance  stated  above.  The  radia- 
on  and  conduction  loss  was  calculated  for  most  of  the  tests, 
id  was  found  to  vary  from  ^  to  1  per  cent,  of  the  total  heat 
pply  to  the  engine  at  full  load.  As  the  low  pressure  cylinder 
as  carefully  lagged  as  the  high  pressure  cylinder  it  appears  that 
om  1  to  1^  per  cent,  of  the  total  heat  supply  to  the  engine  at 
11  load  will  be  lost  by  external  radiation  and  conductioiL  The 
rger  percentage  applies  to  the  smaller  engines. 

Piston  Leakage. 

68.  The  steam  qualities  at  cut-off  and  release,  given  in  lines  16 
19  of  Table  V.,  show  considerable  variation  in  different  en- 
068  running  under  practically  the  same  conditions.  The 
ason  for  this  variation  is  apparently  not  far  to  seek,  and  de- 
nds  on  a  phenomenon  to  which  but  small  consideration  is  gen- 
ftUy  given  in  the  discussion  of  steam  engine  performances. 
lis  phenomenon  is  piston  leakage. 

59.  Most  of  the  engines  were  tested  when  at  rest  for  piston 
tkage,  before  the  runs  were  made,  and  in  no  case  was  there 
7  but  slight  leakage.  It  is  probable,  however,  that  a  piston 
idi  is  quite  tight  when  at  rest  will  leak  when  running.  The 
tic  leakage  tests  were  made  for  a  small  number  of  piston  posi- 
ns  and  did  not  insure  static  steam  tightness  in  every  position. 
ere  is  evidence  moreover  to  show  that  even  if  the  piston  is 
bt  in  every  position  when  at  rest,  it  may  leak  when  in  motion 
ing  to  the  breaking  up  of  the  oil  fibn  on  the  cylinder  walls.  If 
ihe  results  of  the  leakage  test  of  the  piston  is  added  the  knowl- 
e  that  an  intelligent  engineer  has  of  the  condition  of  the  cyl- 
ers  of  which  he  has  had  charge,  it  is  probable  that  a  more 
mite  statement  can  be  made  as  to  the  tightness  of  the  pistons. 
Di  such  data  the  following  statements  may  be  made  as  to  the 
lition  of  the  engines  tested. 

iigine  J?,  neither  piston  perfectly  tight,  but  both  in  good 
lition. 
Qgine  C,  no  appreciable  leakage, 

83 
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Engine  2?,  both  cylinders  in  very  good  condition. 

Engine  E,  high  pressure  cylinder,  very  good;  low  pieaa 
piston  had  not  worn  down  to  maximum  tightness. 

Engine  Fy  high  pressure  cylinder  had  been  scored  a  few  w 
before  test  and  had  not  worn  quite  tight;  low  pressure  cylii 
unusually  good. 

Engine  //,  high  pressure  cylinder  very  good;  both  cylin 
better  than  engine  G, 

60.  The  above  conditions,  as  known  before  the  tests,  wil 
found  to  explain  most  of  the  variations  in  steam  quality  to  w 
reference  has  been  made.  For  example,  of  the  two  similai 
gines  E  and  F,  the  latter  shows  lower  quality  at  cutoff  in 
high  pressure  cylinder,  notwithstanding  a  greater  initial  si 
heat — and  this  quality  is  seen  to  decrease  throughout  expan 
Leakage  past  the  high  pressure  piston  readily  accounts  for 
In  the  low  pressure  cylinders  of  these  two  engines,  the  phei 
enon  is  reversed,  and  the  remarkably  high  quality  of  the  sj 
in  engine  F  is  presumably  due  to  the  unusually  good  cond 
of  the  cylinder. 

61.  Similarly  comparing  tests  22  and  24  on  the  exactly 
ilar  engines  G  and  //  under  practically  similar  conditioi 
marked  advantage  is  seen  in  the  quality  of  the  steam  during  ei 
sion  in  the  high  pressure  cylinder  during  the  latter  test — a  r 
to  be  expected  from  the  known  better  conditions  of  that  cyliJ 

02.  These  examples  could  be  multiplied  were  it  desir 
The  effect  of  the  piston  leakages,  when  moderate,  on  the  en 
economy  is  not  very  great  since  steam  leaking  by  the  high  p 
nre  piston  will  be  available  for  doing  work  in  the  low  pres 
cylinder. 

Conclv^ons. 

63.  In  summing  up  the  general  results  of  the  tests  the  fa 
ing  conclusions^appear  to  the  writer  to  be  justified  when  ap] 
to  large  size,  high-speed,  compound,  four-valve  engines  of  < 
mon  y)roportions. 

The  jacketing  of  the  high  pressure  cylinder  is  of  but  1 
value  when  moderately  superheated  steam  (100  degrees  Fi 
is  used. 

Reheating  is  probably  a  source  of  loss  unless  it  superheats 
receiver  steam  at  least  30  degrees  Fahr.,  and  is  not  fully  effw 
unless  it  superheats  about  100  degrees  Fahr.     In  the  latter 
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may  be  expected  to  effect  a  saving  of  6  to  8  per  cent,  of  the 
al  heat  used  per  indicated  horse-power. 

Jacketing  the  low  pressure  cylinder  is  shown  by  the  steam 
ilities  during  expansion  in  the  low  pressure  cylinder  to  be  un- 
lessary  and  therefore  undesirable  when  the  reheating  is  effec- 
e.  The  effect  of  admitting  moderately  superheated  steam  to 
;h  the  high  pressure  and  low  pressure  cylinders  is  to  keep 
1  heat  consumption  per  indicated  horse-power  practically  cou- 
nt throughout  a  considerable  range  of  loads — ^f rom  half  load 
about  one-quarter  overload. 

The  variation  within  the  ordinary  limits  of  the  ratio  of  stroke 
diameter  in  large  size  engines  of  the  same  power  when  using 
derately  superheated  steam,  does  not  have  any  marked  effect 
)n  the  economy  of  the  engine.  The  size  of  the  engine  is  an 
wrtant  factor  in  determining  its  efficiency.  The  engine  G 
I  about  10  per  cent,  greater  heat  consumption  per  indicated 
•se-power  than  Ky  which  is  three  times  larger. 

DISCUSSION. 

Iff.  W,  R,  A,  Harris. — As  the  discussion  on  above  was  closed 
ler  early,  I  should  like  to  pass  a  few  remarks  on  the  subject. 
'irst.  I  tliink  the  tests  to  have  been  satisfactory  should  have 
n  all  of  one  duration,  and  should  have  gone  farther  than  steam 
nomy,  which,  for  superheating!;,  is  not  sufficient,  coal  con- 
iiption  being  the  essential  point;  for  if  the  steam  economy 
ns  10  per  cent,  at  a  cost  of  15  per  cent,  more  fuel  owing  to 
»erhoating  there  is  a  loss. 

>econ(l.  It  would  be  w^ell  to  know  the  tA'pe  of  superheater  and 
tance  from  engine,  i.  e.,  length  of  pipe,  etc. — as  it  is  a  small 
lount  of  superheat. 

There  are  many  places  on  the  Continent  and  in  England  where 
porheat  is  used  as  high  as  650  degrees  Fahr.  to  700  degrees 
hr.,  with  an  economy  in  coal  consumption  of  7^  per  cent. 
Another  point  to  bear  in  mind  in  favor  of  superheating,  for 
^v  plants,  is  the  increased  velocity  of  superheated  steam  over 
Unrated,  enabling  smaller  pipes  to  1)(^  used  and  a  greater  piston 
eed  maintained. 

^fr,    Geonje    Barrus. — I    have    not    had    an    opportunity    to 

^v   this    paper    very    carefully,    but    I    have    noticed    one 

two   omissions    in    it.      For    example,    the    author    states 
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that  the  tests  on  engine  A  were  conducted  by  himself.  Also  tb 
tests  on  engines  G,  H  and  K;  but  tests  J?,  C,  Z?,  E  and  P  wcr 
conducted  by  Mr.  Parker  and  Mr.  Cook,  members  of  the  Societ; 
and  by  two  other  parties.  It  would  be  interesting  if  he  stated  wli 
the  results  of  the  tests  made  by  these  gentlemen  are  incorporaU 
in  his  paper. 

T  n()tic(»  in  all  the  tables  what  is  termed  "  quality  of  steam  at  ci 
off  and  release."  I  do  not  think  that  expresses  what  the  auth 
really  moans.  I  suppose  he  means  what  is  usually  called  t 
*'  percentn<;e  of  st-c^ani  accounted  for  by  the  indicator."  Thisp 
centage  shows  how  much  steam  appears  on  the  indicator  card,  1 
it  does  not  show  the  exact  condition  of  the  steam  as  to  the  amoi 
of  moisture  it  contains,  as  would  be  understood  from  the 
of  the  term  ^'  quality."  I  think  the  tables  ought  to  be  revi 
to  meet  this  objection. 

Then  it  seems  to  me  the  tables  ought  to  be  arranged  in  acc( 
ance  with  the  forms  established  by  our  committee  on  engine  testi 
and  if  th(\y  are  not  arranged  in  that  way  there  should  be  some 
planatiou  about  it.  If  those  forms  are  of  no  use  let  us  know 
If  they  are  all  right  the  author,  as  a  member  of  the  Society,  on 
to  follow  them. 

There  are  no  copies  of  the  original  indicator  diagrams  in 
paper.    Tlu^  author  should  supply  them  for  each  of  the  tests. 
reason  I  make  this  statement  is,  that  I  saw  the  report  of  the 
on  en^rine  J,  as  well  as  some  of  the  original  diagrams  which  )R 
taken.       I   was   struck   with   the   fact   that   the   diagrams  ^ 
poor.    I  do  not  mean  that  they  showetl  poor  engine  performai 
but  they  sliowed  poor  indicator  work.     You  all  know  that  i 
vertical  engine  is  not  solid  on  its  foundation  and  the  indiei 
r)utfit  is  not  properly  connected,  the  indicator  is  very  unstei 
and    (he    diagrams    obtained    will    likewise    be    shaky   and 
reliable.     These  diagrams  were  very  poor  in  that  respect,  an< 
it  had  been  my  test  I  should  have  placed  no  reliance  on  their 
(lications. 

J/r.  P.  T.  AVrr. — An  investigation  that  I  had  the  privil 
of  nuiking  about  a  year  and  a  half  ago  on  the  theory  and  prac 
of  superheated  steam,  eonvinced  me  that  the  reheater  would  c< 
again  into  solid  favor  with  the  general  use  of  superheated  3te 
When  the  reheater  receiver  is  used  with  saturated  steam 
trouble  is  that  we  cannot  get  a  sufficient  amount  of  rehea' 
surface;    you   cannot    put    enough    reheating   surface   into 
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eheater  to  secure  as  much  superheat  as  you  will  need,  and  tests 
ave  shown  this  quite  conclusively.  In  the  5,000  horse-power 
agine  at  the  Waterside  station,  in  New  York,  which  was  re- 
*ntly  tested,  it  was  shown  that  both  jackets  and  reheater,  either 
jgether  or  alone,  were  practically  useless  throughout  the  work- 
ig  range  of  load.  How  much  heat  can  you  expect  to  get  into 
cjlmder  full  of  steam  in  a  fraction  of  a  second  through  cylinder 
ills  that  may  be  five  or  six  feet  in  diameter?  That  difficulty, 
upled  with  the  fact  that  in  the  reheater  with  saturated  steam 
u  cannot  get  much  superheat,  is  the  reason  that  tests  show  both 
?ket  and  reheater  to  be  nearlv  useless.  I  think  that  with  200 
^ees  superheat  and  a  receiver  with  an  adequate  amount  of 
)erheating  surface,  it  is  possible  to  get  enough  superheat  to 
*p  down  condensation  to  the  point,  at  least,  of  cut-off,  and 
t  ^\^ll  solve  the  problem  of  initial  condensation. 
[f  you  ^vill  note  the  table  on  page  49,  in  which  the  principal 
ults  of  all  the  tests  are  given,  and  look  over  the  various  tests, 
1  will  find  this  to  be  true,  I  believe,  that  with  the  highest  super- 
it  at  the  throttle  and  with  60  degrees  superheat  at  the  low 
ssure  admission,  and  perhaps  less  than  the  average  vacuum, 
find  the  lowest  steaiu  consumption  in  the  28  tests,  which  is 
57  pounds  per  indicated  horse-power  hour.  We  find  100  per 
it.  as  the  quality  of  the  steam  at  cut-off  in  the  low  pressure 
indor,  the  lowest  heat  consumption  in  British  thennal  units 
•  minute,  and  the  highest  dynamic  efficiency  compared  with  the 
al  cycle.  This  seems  to  me  to  show  that  the  superheating 
teiver  is  bound  to  come  into  favor  with  the  general  use  of 
)erheated  steam. 

Mr.  George  L  Rockwood, — The  author  giv^es  the  conclusions  he 
rives  from  these  t(\sts  at  the  end  of  his  paper,  which  is  com- 
indable;  but  after  all  they  hardly  seem  to  justify  so  much  labor 
to  be  cspeeially  valuable  or  new.  On  the  contrary,  the  paper 
'ms  to  be  merely  a  thrt^hinic  over  of  old  straw. 
The  perfonnances  of  all  of  tlu'se  engines  have  been  beaten 
iny  times  by  other  (^ngines  of  the  same  make  and  type;  they 
re  also  beaten  many  ycnu-s  ago  by  an  engine  of  only  200  horse- 
wer  having  a  higher  cylinder  ratio.  I  maintained  twelve  years 
0  that  compounds  having  a  higher  cylinder  ratio  would  beat 
)8e  with  the  ordinary  ratio  by  10  or  15  per  cent.  To  see  how 
it  view  would  apply  in  the  present  case,  these  tests  speak  of  13.5 
unds  of  steam  per  indicated  horse-power  per  hour  on  an  engine 
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of  2,400  horse-power  (which  is  really  a  very  poor  performuice). 
Mr.  Barrus  tested  an  engine  a  year  ago  of  500  horse-power,  in 
which  test  the  performance  was  11.2  pounds.    Thisen^ewui 
high-ratio  eonij)ound,  and  beat  the  2,400  horse-power  engine  by  1] 
per  cent.,  both  engines  operating  "  under  similar  external  voiUng 
conditions.''     This  would  seem  to  call  in  question  the  conclnfflon 
that  the  smaUer  engin(»  is  about  10  per  cent,  less  economicil 
than  the  larger.     This  conclusion  of  the  author  appears  to  be 
general  and  not  confined  to  these  engines  alone. 

I  am  inclined  to  agree  that  the  supposition  that  the  lai^r  th( 
engine  of  a  (jiven  type,  the  greater  its  economy  will  be  is  true 
but  hardly  think  these  tests  prove  it.  Even  if  the  test  of  the  501 
horse-power  high-ratio  compound  be  compared  with  that  of  A 
2,500  horse-power  high-ratio  compound  engines  at  the  Watersid 
station,  to  which  ^Ir.  Kerr  lias  just  referred,  it  will  be  seen  that  ih 
smaller  en^-ine  is  still  the  most  economical  of  all.  This,  howevei 
comes  from  tlu*  fact  that  the  Waterside  engines,  being  designe 
for  use  with  superheated  steam,  had  poppet  valves,  which  involve 
1 5  ])er  cent,  ch^arance  in  the  first  cylinder,  with  a  resulting  totj 
loss  of  e(M)iiomy  of  (>  per  cent. 

AVitli  n^gard  to  the  value  of  reheatcrs,  the  author  does  notnoi 
two  or  three  imj)ortant  considenitions.  The  principal  one  is  thi 
a  reheater  increases  th(^  economical  power  of  a  given  engine  to  i 
extent  out  of  all  proportion  to  its  cost.  Even,  therefore,  if  itdo« 
not  increase  the  economy  of  the  engine — and  I  feel  very  su) 
that  if  ])roj)erly  designed  it  cannot  decrease  the  economy — itsu 
is  more  than  justified.  Xothing  is  said,  I  believe,  about  drainii 
the  water  of  coii<lensati(>n  from  the  high  pressure  exhaust  pi] 
before  the  steam  meets  the  reheating  surface.  This  is  necessary 
(•(*oiiomv  is  aimed  at. 

f 

SoriK*  people  still  like  to  test  steam-engines.  To  me  the  suhje 
is  of  only  ])assing  interest,  as  I  believe  the  steam-turbine  h 
roul(Ml  the  reci|)rocating  machine  completely  for  all  work  vbi« 
can  !)(»  (lone  by  electrical  transmission  of  the  power;  and  there 
now  hardly  to  be  found  any  place  where  the  motor  is  not  of  great 
advantage  than  shafting  Jind  belting. 

Frof.  L.  A^'.  3/r/rA'N.^ — The  writer  regrets  that  Mr.  Barms  < 
not  have  an  op])nrt unity  to  study  this  paper  very  carefn 
Ix'foix*  he  eriticise(l  it.     lie  will  fin<l  his  criticism  in  part  answei 


*  Autlior's  closure,  under  the  Bules. 
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the  paper  itself,  but  as  the  critieisni  includes  also  other  points, 
» writer  will  endeavor  to  reply  fully. 

[n  paragraph  one  is  given  the  reason  why  the  writer  included 
;h  his  own  tests  all  the  available  unpublished  tests  on  engines  of 
I  same  make.  It  may  also  be  pointed  out  that  these  other  tests 
re  not  published  by  those  employees  of  the  company  who 
I  conducted  the  tests,  because  of  a  special  regulation  of  the  com- 
ly  forbidding  such  action  on  their  part;  and  that  their  inclusion 
this  paper  was  with  the  express  permission  of  the  president  of 
company. 

The  terni  "  quality  of  steam  at  cut-oflF "  was  used  because  of  its 
ater  brevity,  and  in  the  belief  that  the  members  of  this  Society 
lerstand  what  is  meant  hereby;  and  further,  the  meaning  of  the 
n  is  made  abundantly  clear  by  the  discussion  under  the  heading 
^piston  leakage.''  The  tests  were  presented  with  a  special  ob- 
;  in  view,  and  the  writer,  while  appreciating  fully  the  excellent 
•k  done  by  the  Committee  on  Engine  Testing,  in  arranging 
fns  for  the  prest^ntation  of  results,  preferred  to  use  such  forms 
his  own  tests  as  should  exliibit  most  clearly  the  results  which 
\vish(*(l  to  emphasize.  AVitli  respect  to  the  publication  of 
ios  of  tlie  original  indicator  cards,  the  writer  believes  he  had 
('  as  much  as  is  desirable  in  publishing  the  combined  cards. 
'  publication  of  copies  of  the  original  indicator  diagrams  for 
h  of  the  tests  would  have  increased  larurelv  the  bulk  of  the 
er  without  at  all  increasing  its  value. 

lie  author  cannot  but  express  his  extreme  surprise  at  the  state- 
it  of  Mr.  Barrus,  that  he  had  seen  some  of  the  original 
grains  for  the  test  on  engine  .1.  Tlu^se  diagrams  have  not  been 
of  the  p(>ss(\ssion  of  the  writer  from  the  time  they  were  taken, 
cannot  have  been  seen  bv  Mr.  Rarrus.  His  statement  that 
•0  diagrams  were  poor  must  also  be  denied.  They  WTre  seen 
he  time  of  the  tests,  and  were  found  satisfactory  both  by  the 
isnlting  Engineer  of  the  l^oston  Klectric  Eight  Co.  and  by  the 
ineer  repn^enting  the  engine  buihlers.  The  engine  founda- 
s  were  very  solid,  the  engine  itself  very  stiff,  the  indicating 
r  was  a  simple  photogra])h  dc^vice,  designed*  by  the  .engine 
flers,  with  but  few  joints,  strong,  now,  and  with  no  discernable 
i-Iash.  The  indicators  were  aone  over  and  oiled  everv  hour, 
re  was  no  suggestion  of  shakiness  in  the  cards.  The  writer 
iders  the  indicator  cards  for  this  trM  to  be  as  reliable  as  can  be 
ined  from  engines  of  this  <hv  and  t;peed,  and  cannot  but  con- 
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sider  that  Mr.  Barms'  remarks  on  these  cards,  which  he  has  never 
seen,  are  either  the  product  of  a  faulty  memory  or  of  a  nvid 
imagination.  Copies  of  the  actual  cards  for  the  tests  on  en^e  A, 
on  July  20,  1890,  are  added  to  this  paper,  Figs.  157-160. 

The  writer  finds  himself  in  complete  agreement  with  the  re 


Engine  A      n.r.  Head  End. 

July  20,  1890.        lS.aO  P.M. 
En/dne  pressure  by  {;augc-  l^t 

Area»l.GO      Len^h=3.:3 


A'lirA;.,  L.S. 


Um.Mk.XMCkJLT. 


Fig.  157. 


marks  of  Mr.  C.  Y.  Kerr.  The  results  of  the  test  of  the  5,00 
horse-power  engine,  at  the  Waterside  station  in  Ifew  York,  ai 
such  as  the  present  tests  would  show  to  be  probable,  unless  tl 
reheater  were  of  unusual  size  and  efficiency.  The  larger  tl 
engine  tlie  less  is  tlie  gain  to  be  anticipated  by  the  adoption  of  tl 
usual  devices  fur  securing  (»conomy. 


Engine  A.       H.P.  Crank  End. 
.luly  20,  1890.       12.30  P.M. 
Area=2.10       Lentrth-3.89 


M-rl".  /..>'. 


Jfm.ti.yiM  C^^f' 


Fi(i.  158. 


^Fr.  li(M'kw()n<l's  numerous  criticisms,  although  they  do  n 
toueli  the  suhsiaiiee  of  the  i>aper,  had  perhaps  better  be  answer* 
individiijilly.  So  (•oiii])h*te  a  series  of  tests  on  large  size  engines  • 
one  tvpe  lias  not,  the  writer  believes,  been  recorded  before.  Th< 
give  certain  information  for  which  the  owners  of  the  engines  we 
willing  to  undeilake  the  not  inconsiderable  cost  and  inconvemen* 
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iTolved  in  the  making  of  these  tests.  The  results  so  obtained 
ave  value  to  all  those  who  have  charge  of  such  engines — to 
II  who  want  to  know  whether  engines  of  1,000  to  3,000  indicated 
orse-power  should  preferably  be  run  with  or  without  jackets, 
nth  or  without  reheaters,  and  at  what  range  of  loads  they  may 


En^ne  A.       L.P.  Uead  End. 

July  20«  1899.       12.30  P.M. 

Vacuum  pressure  by  gauges  12.2 

Area»2.&l       Length-^8.89 


X*rl:  LS. 


Am.Dk.IM*  G>.,y.r. 


Fig.  159. 


36  econoiiiicallv  run.  Such  information  the  writer  does  not  con- 
nder  to  be  the  threshing  of  old  straw.  The  information  on  these 
[x>infs,  obtained  on  small  laboratory  engines  up  to  100  indicated 
hor-^epower,  is  of  no  value  for  general  industrial  practice;  and 
it  is  prinoij)ally  on  such  small  engines  that  information  of  the 
nature  indicated  has  been  obtained  hitherto. 


Enpinc  A.       L.P.  Crank  End 
•July  20,  1899.        12.30  P.M. 
Art'a=3.iy       Lcnffth»3.92 


Xtfii.  L4 


Am.Bk.y,jtt  Co.X.y. 


Fio.  160. 


Moreover,  this  paper  does  not  pretend  to  give  "  record  "  results, 
out  only  the  results  of  good  modern  practice.  The  writer  has  a 
"^?h  opinion  of  the  possibilities  of  the  high-ratio  compound  asso- 
futed  with  Mr.  Rockwood's  name,  but  he  would  point  out  that  his 
<^onclusion  with  reference  to  the  eflFect  of  the  size  of  an  ensrine  ' 
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its  economy  is  expressly  restricted  to  engines  of  ordinary  pTopo^ 
tions,  and  intentionally  omits  a  comparison  between  different  types. 
The  writer  has  no  doubt,  however,  that  his  general  conclusion  ^1 
be  found  to  apply  satisfactorily  to  a  comparison  of  two  of  Mr. 
Kockwood's  engines.  The  comparison  instituted  by  Mr.  Rockvrood 
between  his  own  500  horse-power  high-ratio  compound  and  the 
very  different  Waterside  station  engine  referred  to  by  Mr.  Kerr, 
can  hardly  be  expected  to  prove  anything. 

The  writer  cannot  agree  with  Mr.Rockwood  as  to  the  desirabilit; 
of  having  a  reheater  in  the  case,  where  it  does  not  increase  th 
economy  of  the  engine.  A  separator  in  the  high-pressure  exhaiii 
and  a  readjustment  of  the  cut-off  valves  will  produce  a  simili 
result  with  less  trouble-  and  first  cost. 

AVith  reference  to  Mr.  Kockwood's  suggestion  that  these  tea 
wore  carried  out  to  gratify  the  writer's  passion  for  testing  stea 
(Migines,  it  may  again  be  noted  that  these  tests  were  all  eith 
acceptance  tests,  or  tests  designed  by  those  in  charge  of  the  plar 
to  yield  certain  information  as  to  their  performance,  without  ai 
sj)ecial  reference  to  the  partialities  of  the  writer.  The  pleasure 
working  up  such  tests  is  perhaps  hardly  so  great  as  Mr.  Bockwo* 
i?eems  to  imagine. 
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(Membur  of  the  Society.) 

fie  value  of  accurate  and  comprehensiye  testing  of  all  prime 
and  the  determination  of  a  basis  of  comparieon  upon  which 
3  the  relative  economy  of  those  of  any  particular  class  can- 
(verestimated. 

3  the  manufacturer  of  heat  motors,  especially,  it  is  un- 
lably  necessary,  and  at  the  same  time  most  expedient,  to 
rate  into  the  scheme  of  engineering  orgiinlzalinn  an  effi- 
sting  department,  which  shall  at  once  be  riipublc  of  secur- 
urate  data  of  the  operation  of  the  finished  innohines  ^vith- 
ag  burdened  with  any  unnecessary  refinements.  The  sim- 
iliable  methods  and  apparatus  are  therefore  obviously  best 
,0  accomplish  the  desired  results,  and  it  is  then  left  only  to 
ine  the  most  feasible  basis  upon  which  to  make  compari- 
the  characteristic  data  obtained, 
he  friction  brake  ia  by  long  odds  the  most  satisfactory 

-'Died  at  the  Clikago  meeting  (May  and  June,  1904)  of  the  American 
>f  Meclianic&l  EngiDcers,  and   forming  part   of   Volume  SXV.  of  ibe 

urllicr  discDsaion  on  tLe  same  topjp  rnnault  TrnntiKtioni  as  follows ; 
rol.  «i.,p.  396:  "  An  Efficienoy  Test  of  a  125  Horse-Power  Gas  Engine." 
C.  H.  llol>ertaon. 

vol.  xxil.,  p.  152  ;  "  Efflcieiicy  of  ft  (fas  Engine  as  Jlodified  by  Point  of 
lynilion."    C.  V.  Kprr. 

vril.  ■[jLii.,  p.  (J13  :  '■  Efflciency  Tents  of  u  ViTt  Morpe-Power  Gas  Engine." 
C.  H.  Rolierlson. 

vnl.  iiiii,.  p.  68fi  :   "  Teni  pern  turn  of  Exiiuust  (Jusps."     B.  H.  Fefnald. 

vol.  xiiii,,  p.  705;  "Working  llotails  of  a  Oas  Engine  Test,"  R.  H. 
Fcrnald. 

vol,  :ixiY.,  p,  1048  :  "Method  of  Testing  Has  Engines."     E.  C.  Oliver. 

vol.  niv.,  p.  1063  :  "  Porfonnaiiw  of  uu  IntiTiial  Com  bust  ion  Engine 
I'siiig  Kerosene  anil  Oasolene  an  Fuel  "     ITallailay  and  Hodgo, 

voT,  xjiiv.,  p,  1005:  "Test  of  ii  K  llorsu-Power  Gaa  Engine."  C.  H. 
fiobertson. 
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means  of  measuring  the  power  developed.     Its  accuracy  depends 
on  the  following  factors : 

First,  The  accuracy  of  standard  platform  scales.    This  is  easily 
verified  by  standard  weights. 
Second.     Allow:ance  for  the  weight  of  the  blocking  on  the  scales 
f     and  the  unbalanced  weight  of  the  brake  band  and  arm.    These  are 
both  easily  determined  by  actual  weighing. 

Third,  The  brake  radius,  or  distance  from  center  of  the  shaft 
to  the  knife  edge  supporting  the  brake  arm. 
Foufih.  The  revolutions  per  minute. 
Fifth,  The  steadiness  with  which  the  scales  are  kept  balanced. 

4.  If  we  compare  the  above  simply  verified  facts  with  those  re- 
quired by  an  indicator  test,  it  will  be  at  once  apparent  how  much 
superior  the  brake  is  to  the  indicator  as  a  means  of  quickly  and 
reliably  measuring  power.  Then  also  the  available  or  brake  horse- 
power, and  not  the  indicated  horse-power,  is  the  thing  for  which 
t'ngines  are  run. 

The  Friction  Brake : 

5.  The  brake  is  applicable  to  large  as  well  as  small  engines,  as 
uiay  be  seen  1)y  roference  to  Figs.  IGl  and  102,  showing  respec- 
livHv  a  •300  brake  horse-power  double-acting  tandem  and  a  25 
I'rake  horse-power  single-acting  vertical  gas  engine  undergoing  test. 
Fiir.  103  shows  several  engines  set  up  in  readiness  for  shop  test. 

6.  In  practice  it  is  necessary  to  lubricate  the  brake  wheel  for  the 
purpose  of  making  the  friction  uniform,  and  to  prevent  the  wooden 
cleats  becoming  locally  heated  and  taking  fire.  It  is  found  that 
>irip3  of  fat  salt  pork  make  the  best  lubricant,  for  they  slowly  fry 
Jimlthus  keep  the  w^ieel  uniformly  and  continuously  greased.  The 
^vlioel  must,  of  course,  be  cooled,  and  this  is  usually  provided  for 
I'V  casting  re-entrant  lips  on  it,  which  will  retain  a  layer  of  water 
I'V  virtue  of  centrifugal  force  when  the  brake  wheel  is  in  motion. 

7.  A  stream  of  water  is  fed  into  the  brake  wheel  at  one  j)()int 
iiml  scooped  out  by  a  stationary  pipe  at  another  ])oint.  By  this 
iiiMns  the  temperature  of  the  brake  wliec^l  is  controlled. 

■'^.  When  the  temperature  and  lubrication  of  the  brake  wheel 
are  kept  constant,  it  is  not  difficult  for  a  man  with  a  wrench  to 
keep  the  brake-band  tension  screw  so  atljusted  that  the  scale  beam 
"f  the  platform  scales  is  always  substniitially  balanced.  If  the  load 
K'-conies  too  great,  he  slackens  the  tension,  and  if  too  small,  he 
in<Tcases  it. 
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9.  Occasionally  considerable  annoyance  may  be  experienced  by 
ffliddea  changes  of  friction  occurring  which  are  due  to  a  little 
nter  getting  on  to  the  outside  of  the  brake  wheel.     This  seems 

I'Shill  the  lubricant  and  have  a  disturbing  effect  out  of  all  pro- 
to  the  cause.    It  is  a  small  practical  point  well  worth  at- 
1,  for  with  irregular  variations  in  the  friction,  the  man  at 
ike  cannot  keep  the  load  constant.     The  remedy  is  very 
simple — keep  water  off  the  outside  of  the  brake  wheel. 

Tilt  tndicaUir  Curd: 

10.  The  indicator,  while  not  as  useful  for  power  determina- 
tioBS,  18  of  groat  value  for  showing  what  is  going  on  in  the  cyl- 

Iiniler,  and  cards  should  always  be  taken  in  connection  with  the 
k^  teat.  It  will  often  be  superfluous  to  calculate  the  indicated 
isiW-power  from  them.  If  engineers  in  charge  of  gas  engines 
made  more  frequent  use  of  the  indicator,  they  would  frequently 
ifable  to  obtain  increased  satisfaction  by  detecting  faulty  adjust- 
□lents,  particularly  of  the  point  of  ignition. 

Ea^nt  Speed: 

11.  Vhero  an  engine  is  being  tested  on  a  constant  load  and 
•juatlty  of  gas,  tlio  governor  should  hold  the  speed  constant  enough 
'.n  warrant  the  use  of  a  good  make  of  hand-speed  counter. 

Where  tho  above  condition  is  not  met  a  continuous  counter  must 
bo  employed. 

'I'ai  Meaiuretiieitls : 

18,  A  goiul  meter,  whose  accuracy  is  cheeked  occasionally,  by 
means  of  provcr  tests,  over  the  range  for  which  it  ia  used,  is  the 
best  instrument  for  this  purpose.  The  temperature  and  pressure 
nf  Uw  gas  at  the  meter  and  the  barometer  reading  (uncorrected 
for  sefl  level)  arc  needed  for  correcting  the  meter  readings  to 
standard  condition.-f. 

Calorimeter  iJciorminations  or  chemical  analyses  will  give  the 
heatTihieof  thegas. 

OomfOrUon  of  Teats: 

18.  After  testa  are  made  we  still  desire  to  know  what  they  mean. 
We  must  have  a  standard  with  which  to  compare  the  results  ob- 
tained on  a  given  engine  and  as  a  basis  for  predicting  what  that 
enirine  ought  to  do. 
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TABLE   r. 
Data  ahd  Calctilatiohb  pok  Fioubb  (B). 
■WzMOMBnglDe-Teat  No.  904. 
itfft   Ooilanwtel,   double-acting,    taodem.   Biogle   enuk,  fonr  Cfcle  throttliDg 

Dl»ineter  of  cvlJDderH 16j  IdcIim, 

»wAe 24       " 

Obaieterof  pistno  rod  (in  (bre«  explosion  cliHmbers) 6|     " 

Dhawter  of  tail  rod  (In  one  explosion  chamber) 31     " 

Fall  li»d  lest  speed 181  B.P.M. 

Samber  of  cliarg-Ertt  |«rtwo  revolutions 4 

BBdioD  displacement  per  minnte 981  cnblc  (set. 

,    .         84B  cubic  feet 

''"*»=58iimrti«= "■'^ 


jUtaal  BMdiDg*. 

R«dJngB  Olcaiatcd  lo  IX  Hone-Povir  Bttia. 

As  B.  H.  P. 
^4B»,000  B.  T.  U. 

113.3  B.H.  P. 
1,207,000  B.  T.  U. 

«I  a  H.  P. 
S,(I80.0D0  B.  T.  V. 

99.0  B.  H.  P. 
1,066.000  8.  T.U. 

148  B.  H.  P. 
1,M0,000  B.  T.  D. 

60.3  B.  H.  P. 
646,000  B.  T.  U. 

17.1  B.  e.  p. 

MB,000  B.  T.  tJ. 

6.0  B.  H.  P. 

318.000  B.  T.  U. 

in  o!  tgani  ue  abtalued  b;  maUlplying  Uwae  li 

14.  The  moet  natural  standard  is  the  cubic  feet  of  gas  used 
fir  bnke  horse-power  hour.  When,  however,  we  attempt  to  use 
ik,  we  find  that  for  each  engine  it  is  a  functioD  of  the  load  cai^ 
lU.  Its  Tolae  varies  considerably  at  fuU  load,  and  very  rapidly 
ilQl^t  loads,  until  at  no  load  it  reaches  infinity.  We  must  make 
<e«ml  tests  at  different  loads  ia  order  to  get  the  law  of  this  varia- 
tioi.  When  we  calculate  the  gas  consumption  per  brake  horse- 
pofBT  honr  at  light  loads,  we  find  that  a  very  small  variation  in 
iba  tptiil  amount  of  the  gas  used,  or  of  the  load  at  which  the  test 
a  ai^  makes  a  very  large  and  unmeaning  variation  in  the  cubic 
'«tptt  Inrake  horse-power  hour. 

H  This  nnmeaning  characteristic  of  the  gas  per  brake  horee- 
powr  curve  at  light  loads  leads  one  to  prefer  the  use  of  a  curve 
flotted  with  the  brake  horse-power  as  abscisste,  and  the  cubic 
Ifvt  of  pas,  or  better  yet  the  Urilisli  thcniiiil  units  of  gas,  per  hour 
a-*'iniinatcs.     Fig.  164  shows  two  such  eurvcrf,  one  for  an  8  by  10, 
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and  tbG  other  for  a  16^  hy  24  gas  en^ne.  These  two  carta,  W 
ever,  are  so  difEereot  in  size  that  they  are  inoomparahle  with  cidi 
other,  even  though  the  engines  require  about  the  same  ntunbergf 
British  thermal  units  per  brake  horse-power  hoar  at  correspos&g 
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loads.  They  need  to  be  plotted  to  such  scales  that  they  mi^  t 
readily  cnniparod.  Witliout  ro]>lotting,  however,  they  give  at 
glance  the  })ritit<li  thermal  iinit»  required  on  each  en^e  at  an 
load,  and  from  thcni  the  Britisli  thermal  units  per  brake  boiv 
power  hour  curves  may  be  n-adily  derived. 
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TABLE   II. 

Data  and  Calcui«ationb  for  Fiourb  (5). 

)  (its  Ei^rine— Test  No.  768. 

-Single  actiDg,  two  cylinder,  four  cycle,  vertical  throttling  engine. 

Mimetor  of  cylinders 8  inches. 

taoke -. .       10  inches. 

^alllotd  test  speed 827  R.P.M. 

«^omber  of  charges  per  two  revolutions 2 

inetion  displacement  per  minute 95 . 2  cubic  feet. 

>^  -*•      #    ^  845  cubic  feet  _  ^_ 

ledttcUon  factor  =  jr— r — . .   ^    ^  = 3.62 

95.2  cubic  feet 


Actaal  Readings. 

Readings  Calculated  to  100  Horse-Power  Basis. 

28.8  B.  H.  P. 
801,000  B.  T.  U. 

104.0  B.  H.  P. 
1,090,000  B.  T.  U. 

24.0  B.  H.  P. 
254,000  B.  T.  U. 

87  B.  H.  P. 
920.000  B.  T.  U. 

12.8  B.  H.  P. 
158,000  B.  T.  U. 

44.5  B.  H.  P. 
678,000  B.  T.  U. 

1.8  B.  H.  P. 
93,100  B.  T.  U. 

6.6  B.  H.  P. 
387,000  B.  T.  U. 

n-Tbe  second  column  of  flgnn'8  are  obtained  by  multiplying  those  in  the  first  column  by 
MocUon  fictor  8.62. 

oposed  Basis  of  Comparison: 

^6.  The  maximum  power  of  a  given  gas  engine  depends  on  the 

nber  of  British  thermal  units  it  can  take  in  per  minute,  and  on 

percentage  of  this  heat  which  it  can  turn  into  brake  horse- 

17.  With  engines  of  about  10  brake  horse-power  per  cylinder 
llaiger,  there  is  but  little  variation  in  the  efficiency  of  similar 
P^^  which  may  be  attributed  to  the  size.  The  consequence 
4i8  is  that  the  power  of  gas  engines  of  the  four-stroke  cycle 
pe  varies  almost  in  proportion  to  their  suction  displacement,  and 
■^e  one  size  of  engine  may  be  taken  as  a  standard  to  which  to 
duce  the  figures  obtained  on  other  engines.  The  curves  thus 
**ioed  from  the  results  of  tests  on  many  sizes  of  engines  are 
■^^ly  comparable.  They  furnish  a  basis  for  predicting  what 
'il  other  sizes  of  engines,  not  yet  tested,  may  be  expected  to  do. 
18'  The  results  of  tests  on  a  large  number  of  similar  engines 
J^  natural  gas  for  fuel  have  shown  that  every  345  cubic  feet 
^ure  displacement  per  minute  will  give  in  the  neighborhood  of 
5  maximum  brake  horse-power,  or  100  rated  brake  horse-power. 
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19.  The  above  displacement  is  figured  from  the  we*  o(  A 
piston,  length  of  stroke,  and  the  greateat  niimber  of  charges  f 
minute  at  full  load  speed,  and  furniBhes  the  data  upon  Mt 
is  proposed  herein  to  catablish  a  basb  of  comparison. 

M  M  1  1  M  1  M  1  {  M  1  1  1  1 

THROTTLIHO   ENOINES 

CURVES    PLOTTED  TO  lOO  M.P.  B*«tB 

IBHla4C«IEHaiHC     Tim'tM         B>JlKU<m  FUm  0.191 

4ND       - 

FarCalculalloiu  and  Data  S«  Table  KalAI 
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L*it.  l-i;;.  Jil.'i  slii.ws  the  two  ciLi-vcrifrivcn  in  Fijr.  KU  rf]ilottcilt 
lii^  new  basif.  'J'lic  necessary  calculations  are  very  simple,  ti 
ir.'  fjivcu  in  tiiMia  Ifo.  1  and  No.  2. 

:il.  The  British  thermal  units  per  brake  horse-power  hour  f 
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TABLE  III. 

Data  and  Calculations  for  Figure  (6). 

IOGm  Engine— No.  1307. 

^-Single  acting,  single  cylinder,  four  cycle,  horizontal,  hit  and  miss  engine. 

Diameter  of  cylinders 7  inches. 

Stroke « 10  inches. 

Pull  load  test  speed 253  R.P.M. 

S'amber  of  charges  possible  per  two  revolutions 1 

faction  displacement  per  minute 28. 2  cubic  feet. 

,  -      .       -     .  845  cubic  feet  .^  ^,. 

deduction  factor  =  ^r^-^ — r-r— = —  = 12.23 

28.2  cubic  feet 


Actual  Reading". 

5.2-2  B.  H.  P. 

90,600  B.  T.  U. 

250  R.  P.  M. 

8.36  B.  H.  P. 

63,600  B.  T.  U. 

263  R.  P.  M. 

2.60  B.  H.  P. 

55.200  B.  T.  U. 

265  R,  P.  M. 

0  B.  11.  P. 

32.400  B.  T.  U. 

25G  R.  P.  M. 


Readings  Calculated  to  100  Horse-Power  Basis. 


63.8  B.  H.  P. 
1,108,000  B.  T.  U. 


41  B.  H   P. 
778,000  B.  T.  U. 


31.8  B.  H.  P. 
676,000  B.  T.  U. 


0  B.  H.  P. 
396,000  B.  T.  U. 


.—The  Moconil  column  of  figures  are  obtained  by  multiplying  those  in  the  first  colamn  by 
iction  factor  12.23. 

oad  may  be  obtained  by  dividing  the  British  thermal  units 
ng  by  the  corresponding  brake  horse-power  reading.  This  is 
jularly  simple  at  the  100  horse-power  load  when  it  simply 
s  pointing  oflf  two  places  of  the  British  thermal  units  reading- 
.  Tests  plotted  in  this  way  show  up  graphically  the  relation 
?en  the  power  developed  per  unit  of  mixture  displacement  in 
Tnt  engines,  as  well  as  the  relative  economy  in  gas  consump- 


.  By  plotting  in  this  manner,  the  results  of  a  large  number 
sts  of  gas  engines,  a  manufacturer  can  ascertain  the  charac- 
ic  British  thermal  units  hrako-horsc-power  hour  curve  for  each 
md  type,  and  from  these  can  predict  what  new  sizes  should 
Experience  teaches  that  when  reduced  to  a  common  basis, 
t  is  but  little  more  variation  between  the  curves  for  similar 
les  of  different  sizes  than  between  individual  engines  of  the 
size.    There  are  so  many  factors  influencing  the  exact  loca- 
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tion  of  the  curves  in  question,  that  under  commercial  condil 
a  good  many  tests  have  to  be  run  before  safe  average  cur?e! 
be  drawn.  For  this  reason  it  is  most  helpful  to  be  able  to  le 
and  intelligently  compare  the  results  of  different  sizes,  to  the 
that  the  experience  gained  on  a  size  of  which  many  engines 

TABLE  IV. 

Data  and  Calculationb  for  Figubb  (8). 

6  X  7  Gas  Eogine—No.  1141. 

Type — Single  actiDg,  single  cylinder,  foar  cycle,  horiioDtal,  hit  and  mia  a 

• 

Diameter  of  cylinder 6  inehflfl. 

Stroke 7  inehea. 

Fall  load  test  speed 806  R.P.M. 

Number  of  charges  possible  per  two  reyolations 1 

Suction  displacement  per  minute 17.02  caUcfeH 

„   -      .       -  ;J45  cubic  feet  .^  ,. 

deduction  factor  =  r;r-^ — tt— i —  = 19.7 

17.52  cubic  feet 


Actual  KoadiugB.  |       Ecadings  Ca'calctcd  to  100  Hone-Hover  Dtf 


3.76  B.  II  P. 


I 


74  0  B.  H.  P. 


770,000  B.  T.  U.  I  -  Rii^nnft  r  T  it 

305  K.  P.  M.  ,  1,015,00U  B.I.V. 

2.90  B.  11.  P.  '  t-rj  Q  n   tr    p 

^m  R.P.M.''-  i  1.875.000  b/t/u. 


1.36  B.  H.  P. 

513,000  B.  T.  U. 

310  R.P.M. 


86.8  B.  H.  P. 
1,010.000  B.  T.  U. 


?»?A  ?,■  m  TT  '  0  B.  H.  P. 


857,000  B.  T.  U 
327  R.  P.  M. 


708,000  B.  U.  P. 


NoTR.-  The  6vcond  column  of  flgiireH  uie  obtained  bj  multiplying  tboie  in  tlw  intcot 
the  reduction  faclnr  19.7. 

been  l)uilt  may  l>e  utilized  in  criticising  the  perfonnance  of  i 
size. 

2*i.  The  average  curves  thus  determined  may,  with  goo 
vanrajLre,  bo  n^plottcd  in  a  manner  similar  to  Fig.  164:  for  tl 
of  agents  who  need  to  be  able  to  quickly  answer  questionfl 
the  total  amount  of  gas  which  a  given  engine  will  use  at  ei 
several  diflferont  loads. 

l^').  Fig.  !(')«)  sliows  the  results  obtained  on  two  small,  "l 
miss  "  gas  engines  plotted  to  the  100  horse-power  basis,  i 
given    to    illustrate    the    effectiveness    of    the    graphical 
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of  teste  on  engineB  showing  very  different  efficiency  and 
7  per   unit   of   mixture   displacement.      These   particular 

have  low  compression,  which  has  a  good  deal  to  do  with  the 
■rforraance  shown. 


1    1           1    {    1                  1       1 

M  1  M  1  1  1  1  M  1  1  M  1  1 

1 1 

^   ai       <  As  ^N<3[NI 

a                  ,' 

;                7 

^                     i 

i                     ^ 

t             /                          ^t     la     AK     HUli 

k  /          1                          : 

2,-            4 

12- 

%          7 

"       / 

■I'X/ 

¥^/ 

.  ^ 

'-'             )  1             no             w  1          1^            10            10 

Besides  enabling  an  average  performance  curve  to  be 
I  with  conai<lerablc  certainty,  this  100  horae-power  basis 
1  lends  itself  well  to  the  dctonnination  of  limiting  curve* 
fures  between  which  the  performance  of  any  engine  may 
ected  to  lie.     This  is  often  very  useful  in  drawing  atten- 
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tion  to  defects  in  an  individual  engine,  and  in  detecting  eriozs 
which  occasionally  may  be  made  in  shop  tests.  It  should  preyent 
defective  engines  from  being  sent  out,  and  also  prevent  nnusiudlT 
good  or  poor  records  being  entered  without  the  crreful  veiifira- 
tion  which  they  should  receive. 

Relation  of  Mixture  Displacement  to  Poioer  and  Efficiency  (f 

the  Engine, 

27.  It  is  interesting  in  this  connection  to  do  a  little  gaesang 
as  to  what  factors  are  involved  in  the  above  relation  for  the  stand- 
ard 100  horse-power  engine  here  proposed. 

28.  It  will,  by  assumption,  have  a  nominal  mixture  displace- 
ment of  345  cubic  feet  per  minute  at  full  load  speed  and  a  maxi- 
mum power  of  115  brake  horse-power.  The  overload  speed  will 
be  less  than  that  at  full  load,  and  if  we  assume  it  2  per  cent  less, 
we  shall  have  98  per  cent,  of  345  or  338  cubic  feet  actual  displace- 
ment per  minute  at  overload.  The  exhaust  gases  in  the  dea^ 
ance  spaces  are  often  at  a  slight  pressure  at  the  end  of  the  exhaust 
stroke,  and  have  to  expand  to  atmospheric  pressure  before  any 
new  charge  is  sucked  in.  Again,  there  is  usually  a  slight  vacuum 
at  the  end  of  the  suction  stroke.  light  spring  stop  motion  cards 
taken  to  show  plainly  the  suction  and  exhaust  lines  indicate  that 
there  may  be  a  loss  of  about  5  per  cent  of  the  displacement  vol- 
ume. Then  95  per  cent  of  338  cubic  feet  equals  321  cubic  fect> 
and  gives  the  actual  suction  displacement  filled  with  new  gases 
per  minute.  This  321  cubic  feet  of  mixture  is  measured  at  a 
temperature  above  that  of  the  atmosphere,  due  to  tlie  heat  al>- 
sorbed  from  the  cylinder  walls  and  to  the  admixture  of  hot  gases 
left  ill  the  clearance  space  from  the  previous  explosion. 

20.  It  must  be  admitted  that  the  author  has  no  data  at  hand  for 
arriving  at  a  fair  figure  for  this  temperature,  other  than  that  of 
assit^nng  it  such  a  value  as  wall  make  the  final  result  seem  rea- 
sonable.   By  assuming  this  temperature  to  be  210  degrees  Fahr.f 

goo 
or  C71  degrees  Fahr.  absolute,  the  correction  becomes   -—  s  78 

])or  cent.,  which  moans  that  250  cubic  feet  of  mixture  per  minute 
at  standard  pressure  and  temperature  are  drawn  in. 

30.  The  next  question  is  the  number  of  heat  units  which  this 
250  cubic  feet  of  mixture  contains.  To  simplify  the  calciilati(>^ 
consider  the  gas  to  be  all  CH^.  This  is  so  nearly  true  of  naturftJ 
gas  that  the  results  are  applicable  also  to  it 
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CH^  +  2  (?,  +  7.50  i^a  =  CC^j  +  2  E^O  +  7.50  N^ 

IB  the  equation  for  the  theoretical  explosive  mixture,  but  we  must 
have  an  excess  of  air  present  or  some  gas  will  not  be  burned.  Here 
igain  it  is  necessary,  in  the  absence  of  measurements  of  the  vol- 
\mie  of  air  used,  to  resort  to  an  arbitrary  assumption  and  add  10 
per  cent  excess  of  air.    The  equation  then  becomes 

CE,  +  2.2  O^  +  8.25  N^  =00^-^2  H^O  +  8.25  iT,  +  0.2  0*  or 
Cn,  +  10.45  air  =  C^Oj  +  2  H^O  +  8.25  N2  +  0.3  0, 

1  cubic  foot  CH^  gives  1,015  total  British  thermal  units,  or  (al- 
lowing for  the  heat  of  vaporization  of  water  formed  which  is  not 
ivaikble  for  power  purposes  in  any  gas  engine)  915  effective 
British  thermal  units  per  cubic  foot  of  gas.  1  cubic  foot  gas  + 
10.45  cubic  feet  air  contains  915  effective  British  thermal  units, 

915 

OP  we  have  =  80  effective  British  thermal  units  per  cubic 

11.45  ^ 

foot  of  mixture.  Thus  the  250  cubic  feet  of  mixture  per  minute 
will  contain  80  X  250  =  20,000  effective  British  thermal  units. 

31.  The  assumption  at  the  start  of  this  calculation  was  that  the 
engine  would  give  115  maximum  brake  horse-power,  and  as  42.4 
British  thermal  units  per  minute  is  the  theoretical  equivalent  of 
1  brake  horse-power  minute,  this  means  that  115  X  42.4  =  4,870 
British  thermal  units  out  of  20,000  British  thermal  units  per 
minute  are  transformed  into  brake  horse-power;  that  is,  the 
British  thermal  unit  equivalent  of  brake  horse-power  divided  by 

effective    British    thermal    units    in    the    mixture    equals  — ? 

^         20,000 

—  24..'jr)  per  eent.  ettieiencv. 

This  cflBciency  means  10,430  effective  British  thermal  units  per 
brake  horse-power  hour,  and  is  what  is  obtained  in  practice  under 
good  conditions. 

32.  It  is  not  claimed  that  this  calculation  represents  the  results 
of  particular  tests.  It  is  given  only  to  draw  attention  to  the  fac- 
tors which  are  involved  in  the  relationship  existing  between  the 
displacement,  power  and  eflSciency  of  the  engine  here  assumed  as 
I  basis  for  comparison. 

33.  Incidentally  this  reasoning  indicates  a  line  of  laboratory 
experiments  which  may  throw  light  on  the  temperature  of  the 
gHses  at  the  beginning  of  compression,  since  that  is  the  only  fac- 
tor in  the  series  which  cannot  be  quite  readily  measured. 
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34.  This  system  of  plotting  the  results  of  gas  ezigine  tests  to 
common  basis  has  proved  so  helpful  in  the  study  of  one  ne 
known  make  of  gas  engine,  and  is  so  simple  of  application,  th 
it  is  commended  to  the  attention  of  all  engineers  interested 
this  subject,  and  it  is  hoped  that  those  who  publish  tests  on  iz 
portant  engines  will  take  readings  on  several  different  brake  loid 
including  the  maximum,  and  will  give  the  few  easily  detennme 
facts  about  the  engine  which  are  needed  by  those  who  wish  toph 
the  data  as  herein  proposed* 

DISCUSSION. 

Prof.  Storm  Bull, — The  paper  of  Mr.  Flint  has  interested  n 
very  much,  especially  as  it  shows  the  methods  of  testing  g 
engines  used  by  the  Westingliouse  Machine  Co.  in  their  Aoi 
That  an  engine  sliould  be  tested  for  various  loads  and  not  alo; 
for  full  load  is  very  true,  and  it  seems  very  instructive  to  p 
the  results  in  the  manner  indicated  by  the  author:  the  bra 
liorse-power  as  abseissic  and  the  British  thermal  units  consum 
as  ordinates. 

However,  when  the  author  attempts  to  establish  a  standi 
with  which  he  ])roposes  to  compare  all  other  engines,  it  woi 
seem  that  he  has  been  very  imfortunate.  It  may  be  true  enou 
that  t\w  efficiency  of  similar  engines  varies  but  very  little  1 
sizes  above  10  horse-power,  provided,  however,  that  the  quali 
of  fuel  is  the  same  in  all  cases.  But  in  making  such  an  assnn 
tion  the  implication  is  that  the  efficiency  has  already  now  readi 
a  maximum  beyond  which  one  could  not  hope  to  come.  Tl 
certainly  is  not  true,  and  consequently  the  standard  selected 
at  th(»  most  a  tenij)orary  one,  and  one  which  must  be  chang 
with  the  advance  in  the  efficiency  of  the  gas  engine. 

But  the  most  serious  obJK^tion  to  the  selection  of  the  stands 
for  comparison  is  that  it  is  based  upon  the  consumption  of 
certain  number  of  cubic  feet  of  natural  gas  per  horse-power  ai 
per  nn'nute.  This  number  will  be  a  different  one  for  all  oth 
kinds  of  pis,  and  even  for  the  various  grades  of  natural  gas,  ai 
for  two  reasons:  first,  because  of  the  different  number  of  Briti 
theruuil  units  contained  in  one  cubic  foot  of  the  various  ga* 
and,  se<'ondly,  because  tlie  compression  must  of  necessity  be 
different  one  for  eacli  on(»  of  the  gases,  upon  which  again  t 
effi*ci(»ncv  de|>ends.  From  this  it  will  be  seen  that  only  engrt 
using  the  same  kind   of  gas  can  be  compared  in  the  mann 
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doposed  by  Mr.  Flint;  there  would  have  to  be  as  many  stand- 
ids  as  there  are  kinds  of  gas  for  which  engines  are  being  made 
B  the  factory. 

Mr.  Edward  J*.  Chambers* — ^I  almost  think  I  ought  to  apolo-  ^ 
pie  for  inflicting  a  few  words  upon  you  this  morning,  but  you  . 
ufe  such  vampires  for  work  in  America  that  I  don't  know  how  to 
keq>  pace  with  you.  I  think  the  next  thing  I  shall  propoae  will  be 
that  the  heads  of  these  two  associations  shall  not  exceed  the  age  of 
twenty-five,  because  it  is  hard  for  an  old  man  to  keep  up  with 
iie  rush. 

The  paper  we  have  listened  to  is  extremely  interesting  to  me. 
[t  is  the  commercial  gas  engine.  I  think  our  thanks  are  really 
he  to  the  author.  At  the  same  time  I  do  not  think  he  has  gone 
!ir  enough.  I  am  a  thorough  convert  to  the  use  of  gas  engines 
njself.  When  I  hear  you  gentlemen  wasting  your  time  dis- 
mssing  the  relative  merits  of  steam  engines  and  electric  motors, 
[  really  pity  you.  Some  ten  years  ago  (I  have  had  the  good 
fortune  to  live  a  long  time,  with  its  attendant  misfortune  also) 
[  had  the  good  fortune  to  have  to  lay  out  my  third  large  works 
n  my  engineering  career.  It  has  not  been  only  to  lay  them  out 
md  pocket  my  fees  and  go  away,  but  lay  them  out  and  work  them 
tfterwards  and  make  money  out  of  them.  My  first  experience 
(fas  putting  down  big  boilers  in  the  center  of  the  work  and  run- 
ling  my  shafting  all  over  the  place.  My  second  experience  came 
lomtf  years  afterward,  when  I  thought  I  wouldnH  carry  the  shaf t- 
ng  all  over  the  place,  but  I  would  carry  the  steam.  So  I  had 
ny  big  boilers  and  I  carried  the  steam  all  over  the  works.  If 
^ou  know  anything  about  steam  (and  probably  you  do),  and  of  the 
mall  steam  engine,  you  will  quite  understand  that  I  very  soon 
ud  enough  of  that.  Then  I  had  one  of  the  greatest  good  fortunes 
hat  ever  fell  to  the  lot  of  an  engineer,  and  that  is  to  be  able  to 
lesign  and  build  a  third  works  and  fully  equip  it,  and  if  that  isnH 
•ight  then  I  think  the  designer  ought  to  be  voted  absoUitely  no 
(ood.    I  very  carefully  went  into  steam  then  and  into  electricity. 

was  delighted  with  electricity,  but  then  I  had  a  cheque  book  and 
mly  a  certain  amount  of  balance  in  the  bank,  and  consequently  T 
lidn't  go  in  for  electricity.  For  some  of  you  gentlemen  who  live 
lear  Niagara  I  can  quite  understand  your  adopting  electricity, 
md  I  can  quite  understand  your  adopting  it  under  many  other 
conditions.    I  can  quite  understand,  also,  why  you  gentlemen  who 

*  Member  of  the  loBtitation  of  Mechanical  Engineers  of  England. 
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live  next  door  to,  and  can  tap  on  the  ground  and  get,  naturaJ 
adopt  it. 

But  let  me  come  to  this  paper,  where,  as  I  said  before,  '. 
not  think  the  author  has  gone  far  enough.  He  first  of  all  assii 
that  the  gas  is  going  to  be  all  regular  town  gas.  Had  I  been  c 
pelled  to  use  that  let  me  tell  you  I  shouldn't  have  adopted 
engines,  but  I  have  had  to  make  the  gas,  and  there 
various  ways  of  making  it.  I  adopted  the  Dowson  . 
plant  some  ten  years  ago;  I  started  with  three  m 
engines.  Don't  ever  make  that  mistake.  Have  vi 
engines  big  enough.  I  determined  I  would  go  in  for  gas  engii 
I  started  and  tried  in  a  little  way  at  first,  but  I  had  to  double 
power  and  take  the  old  ones  out.  Indeed,  I  had  to  do  that  twi 
but  that  wasn't  entirely  my  fault.  You  see,  I  had  some  partm 
and  my  partners  wouldn't  go  the  whole  hog.  Those  cauti 
partners  arc  a  great  nuisance  sometimes.  But  I  got  my 
engines  after  all.  The  three  engines  run  up  to  about  230  hoi 
power.  I  felt  then  that  I  must  do  exactly  what  Mr.  Flint  did, 
he  talks  of  it  more  especially  as  the  maker  of  gas  engines,  i 
from  the  calculations  that  our  friend,  Mr.  Mathot,  has  brou 
here,  I  have  no  doubt  that  he  too  looks  at  it  as  the  manufactn 
of  gas  engines.  But  when  T  caught  sight  of  that  word  "o 
iii(*rcial,"  I  said,  "'  This  is  business,"  and  I  shall  find  some  y 
where  I  as  a  user  can  l(*ani  something.  It  is  suggested  to  us  t 
brake  tests  should  be  made.  Xow,  you  know  perfectly  well  t 
wf*  have  something  else  to  do  besides  putting  brake  tests  on.  '. 
only  brake  tests  which  T  ever  put  on  is  work  in  the  shop.  Th( 
f(»re  T  have  got  to  fall  back  on  the  indicator  diagrams  mainly 
my  own  \(^<\  of  tlic  engines.  I  have  an  indicator  outfit  attachcf 
every  <»iigine,  and  niy  rule  is  to  take  a  diagram  during  the  run 
four  hours,  when  the  full  load  in  on. 

Wlijit  F  want  is  that  you  gentlemen  should  devote  yoursel 
to  gas  engines,  because  I  tell  you  you  may  do  wonders  vi 
elect  rieity,  but  at  the  present  time  gas  engines  hold  the  fi< 
After  tlu^  fiivt  twelve  months  I  had  made  up  my  mind  to  i 
in  everv  ])ossible  wav  what  the  result  was.  At  the  end  of 
first  twelve  months  1  ha<l  my  accountant  make  up  for  me  a  pa! 
showing  how  they  e(»m])ared  with  steam,  and  T  received  a  m 
extraordinary  re?>ult;  1  thought  it  couldn't  be  true,  and  I  ^ 
over  the  matter  myself  and  checked  every  item  to  make  sure  tl 
were  not  humhugging  me,  and  I  found  out  that  my  costs  hadp 
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I  about  50  per  cent.,  and  felt  prosperous,  and  you  know 
peritj  often  does  us  barm.  One  of  tbe  worst  tbings  tbat 
tion  can  bave  or  an  individual  is  a  long  run  of  prosperity,  and 
run  of  prosperity  stopped  me  investigating,  on  tbe  lines  Mr. 
i  has  followed.  Now  wben  I  go  borne,  in  spite  of  wbat  little 
parity  I  bave  bad,  I  will  go  in  for  gas  engine  tests,  and  I  sboiQd 

to  get  into  correspondence  witb  Mr.  Flint,  and  if  I  can  do 
thing  to  add  to  tbe  information  of  tbe  members  of  our  brotber 
ineering  Society  bere,  I  sball  be  only  too  deligbted  to  give  you 
benefit.  I  sball  go  in  for  baving  some  way  of  testing  tbe  gas 
hat  I  can  turn  on  tbe  tap,  get  a  vessel  full  and  know  exactly 
it  the  composition  of  tbe  gas  is,  because  tbat  is  tbe  first  point, 
ing  your  gas  right.  I  will  do  tbe  best  I  can,  and  I  will  let  tbe 
nbers  of  this  Association  have  the  full  benefit  of  anything  I 
^  be  able  to  accomplish. 

^rofessor  Jacobus. — ^The  standard  of  comparison  proposed  by 
author  of  the  paper,  where  tbe  heats  of  combustion  of  tbe  gas 
1  per  hour  are  plotted  as  ordinates  and  the  brake  borae- 
ers  as  abscissae,  is  equivalent  to  what  is  often  done  in  steam 
be  tests  wbei^e  the  water  consumptions  per  hour  are  made 

ordinates  and  the  indicated  or  brake  horse-powers  tbe 
ussae.  In  either  case  a  curve  is  obtained  which  approaches 
;h  more  nearly  to  a  straight  line  than  the  corresponding  curve 
leat  or  water  consumption  per  hour  per  horse-power,  and  for 
.  reason  it  can  be  plotted  with  greater  accuracy  when  there 
but  few  experiments  than  the  corresponding  curve  of  heat  or 
er  consumption  per  hour  per  horse-power.  There  is  as  much 
)e  gained  by  plotting  this  curve  for  a  gas  engine  as  in  plotting 
corresponding  curve  for  a  steam  engine,  and  the  author  does 
J  in  bringing  the  method  forward  and  pointing  out  its  ad- 
itages. 

[n  computing  the  heat  consumption  the  latent  heat  of  tbe 
ter  vapor  contained  in  the  products  of  combustion  has  been 
iucted.  The  efficiency  based  on  this  figure  is  greater  than  that 
ied  on  the  total  heat  of  combustion  which  includes  the  latent 
It  of  the  vapor.  In  the  report  of  the  Committee  of  this 
ciety  to  codify  and  Standardize  the  Methods  of  Making  Engine 
«t3  it  was  recommended  that  the  total  boat  of  combustion  be 
'ployed  in  computing  the  efficiency.  The  committee  considered 
w  matter  very  carefully,  as  they  were  aware  tbat  by  recom- 
ending  the  use  of  the  total  heat  of  combustion  they  would  be 
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at  variance  with  what  has  been  done  by  many  prominent  eng 
neers.  Thej  finally  decided  that  it  was  no  more  logical  to  snl 
tract  the  latent  heat  in  the  water  vapor  in  the  products  of  on 
bustion  of  an  internal  combustion  engine  than  it  would  be  i 
subtract  the  latent  heat  of  the  exhaust  steam  of  a  steam  engin 
Suppose  we  have  a  gas  engine  in  which  the  fuel  is  hydrc^en  gi 
and  instead  of  supplying  air  to  bum  this  gas  we  supply  oxyge 
This  would  give  an  internal  combustion  engine  in  which  tl 
working  fluid  would  be  highly  superheated  steam,  and  it  won 
be  no  more  logical  to  deduct  the  latent  heat  of  the  vapor  in  t 
exhaust  of  such  an  engine  than  it  would  in  any  other  engi 
using  steam.  Again  there  are  some  internal  combustion  engin 
where  water  is  injected  and  the  working  fluid  is  thereby  made 
contain  considerable  vapor.  If  the  exhaust  of  such  an  engine 
say  one-half  water  vapor,  the  fact  that  it  is  illogical  to  deduct  t 
latent  heat  of  the  vapor  in  the  exhaust  is  made  more  appare 
than  where  the  amount  of  the  vapor  is  small.  Any  vapor  p: 
duced  in  combustion  is  part  of  the  working  fluid  and  does 
proportion  of  useful  work  in  the  cylinder;  the  latent  heat  « 
tained  in  the  exhaust  should  therefore  not  be  deducted  from  t 
heat  supplied  to  the  engine  in  computations  of  efficiency. 
the  report  of  the  Committee  of  this  Society  on  Boiler  Tests  it 
recommended  that  the  total  heat  of  combustion  be  used  in.co 
puting  t\w  boiler  efficiency,  and  the  recommendations  of  the  t 
(Committees  of  this  Society  bearing  on  this  point  are  therefc 
the  same. 

It  is  stated  in  the  paper  that  a  stream  of  cooling  water  is  i 
into  the  l)rake  wheel  at  one  point  and  is  scooped  out  by  a  stati 
ary  ])ipe  at  another  point.  This  method  is  objectionable  if  tb 
is  a  great  quantity  of  cooling  water  circulated,  as  there  H 
be  a  considerable  reaction  ])roduced  against  the  pipe  used 
scooping  out  the  water,  which,  together  with  the  force  requi 
to  accelerate  the  wat(»r  fed  to  the  wheel,  will  not  be  recorded 
the  scales  of  th(»  brake.  Tho  readings  for  the  load  on  the  bra 
will,  therefore,  be  lower  than  they  should  be.  The  best  p 
to  adopt  in  most  cases,  and  that  recommended  in  the  report 
the  engine  test  committee  already  referred  to,  is  to  feed  j 
enough  water  to  the  brake  wheel  to  make  up  for  that  lost 
evaporati(>n.  This  will  ordinarily  keep  the  temperature  ' 
enough,  and  it  is  a  more  simple  way  of  cooling  the  wheel  t 
the  one  described  in  the  paper. 
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It  is  sometimes  desirable  to  place  a  brake  on  a  wheel  already 
on  an  engine,  and  which  is  not  provided  with  internal  flanges  for 
holding  the  cooling  water.  When  this  is  done  the  wheel  can 
often  be  cooled  by  allowing  small  streams  of  water  to  strike  the 
inside  and  the  outside  of  the  rim.  In  such  cases  it  is  best  to 
use  a  rope  brake  as  this  is  the  least  affected  by  the  action  of 
the  water.  The  brake  must  be  arranged  to  lift  a  dead  weight 
so  that  when  the  rope  tends  to  bind  fast  to  the  wheel  the  weight 
rfl  be  raised,  and  the  tension  on  that  part  of  the  rope  which 
passes  around  the  wheel  thereby  diminished.  The  method  of 
using  such  brakes  is  illustrated  in  the  report  of  the  Engine  Test 
Committee  already  referred  to.  We  have  frequently  used  the 
cross  lever  device  therein  described  with  good  success.  In  one 
case  where  the  power  was  taken  from  an  ordinary  cast  iron  fly- 
wheel of  over  12  feet  in  diameter,  and  the  net  load  on  the  brake 
was  over  one  ton,  the  brake  gave  steady  readings  in  tests  of  more 
than  ten  hours  duration. 

3/r.  Eudolphe  Mafhot. — I  must  first  of  all  apologize  for  my  bad 
Enerlish,  but  as  I  am  a  stranger  I  hope  you  will  excuse  me,  and 
if  I  do  not  use  the  right  word  allow  me  to  invent  one  for  the 
purpose. 

You  have  heard  the  valuable  communications  and  discussions 
<'<»ne('rning  the  steam  turbine  and  steam  engine.  In  fact,  they  are 
two  serious  competitors.  But  both  steam  engines  and  turbines  have 
><»inotliing  nior(*  than  a  competitor;  they  have  a  common  opponent, 
\\w  pis  engine,  of  whicli  all  the  i)artisans  of  steam  engines  and 
turhines  seem  to  l)(»  afraid,  quite  as  if  they  had  to  deal  with  a 
tmiblo  encniv  \vhi(*h  it  is  better  not  to  talk  about. 

In  Europe  the  importance  of  gas  engines  has  become  so  great 

'luring  thest'  last  four  or  live  years,  sin(*(*  they  have  been  supplied 

'••'•m  blast  furnaces  and  special  producer's  working  in  the  factory, 

'hat  there  are  about  200, 000  brake  horse-power  on  work  from 

'  tip  to  2,000  brake  horse-power. 

And  this  leads  me,  as  a  contribution  to  ifr.  Flint's  paper  to  ask 
^'^  he  allowed  to  read  to  you  a  report  which  shows  nrnarkable 
^jnires  of  a  test  upon  a  modern  gas  eiigin(\  I  may  say  that  you 
'"^y  he  (piite  contident  with  res|)eet  t<t  the  truth  of  my  tiiinres. 
Of  course,  f  am  not  a  business  man,  hut  an  in<lependent  spcH'ialist, 
"^^'injT  made  a  specialty  for  ten  years  of  testing  all  kinds  of 
^^-  engine. 
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BEPOKT. 

At  UiB  requeet  of  Mr.  8.  Stein.  Chief  EDgineer  of  the  Gabmotoben  Fabbie 
1>nTn.at  Cologne,  <JerLuaa;.  we  have  teated  a.  gas  engine  of  61)  brake  hone- 
(nwMpplled  bj  A  gas  producer  working  bj  sQction. 

I      Thfi  ipparatns  was  iiistnlled  In  the  lestiog  shop  at  the  above  firm's  works. 
T)m  qbjeot  ot  the  te:jt  was  to  ascertala  the  working  coDditions  and  the  fuel 
WrtBtton  ot  the  >irrKluoer. 

Tkt.Ofrioc  w>^  one  i}t  their  model  O  Q,  horizoDtal,  single  cylinder  with 
Bb%VWk<iig  after  the  Otto  cycle.  The  ignition  was  magneto  electrical,  and 
>kMf  4'*''**^'  *"^  '^"'^  ^*^  onter  bearing. 
TtiltTenior  acied  ou  the  stroke  of  the  lever  of  the  inlet  valve  by  the  dia- 
MMUor  lis  BDpport.  This  realized  the  regalatioD  bj  the  admiBsiou  of  a 
'wUfefiuuitiif  of  mixtare  at  ooostsat  rate." 
~        vrator  w&suf  ike  "sactioa"  type  with  internal  vaporiser  and  overflow 

io  the  ashiiit. 

At^^Qg  and  wiLshiiw  at  the  gas  was  done  in  s  eimple  coke  scrubber. 
1|ite  pipe  ended  iu  an  expaosioD  tank  before  the  inlet  to  the  engine. 
IWAOm!  Prony  brake  with  water  circalation  was  fitted  on  the  crank  ehaft 
Kglstpr  recorded  the  total  number  of  revolutions. 
nine  hours  working,  diagram  cards  and  explosion  records  were  taken 
l^nteB  with  special  indicators  and  samples  of  gas  and  coal  in  view  of 
■tiraUwaiyela. 

Hr  1.  liOHHKK,  engirit>ar  in  chaise  of  the  testing  room,  assisted  us  in  the  ex- 
frignitmul  a  rorcnioD  of  the  works  managed  the  brake. 

hoar  of  pre|iaratory  running  under  normal  conditions  of  the  engine 
producor.  the  ashpit  was  eniptit'd  and  cleaned  and  the  flie  scraped, 
iper  a«xt  filled  up  to  a  certain  height  with  gr««n  coal, 
ins  test  was  teet  made  at  full  load  and  at  half  load. 
of  the  tp><t  operations  were  made,  as  explained  above,  to  pnt  the 
»  original  Htate.  and  after  having  poked  the  fire  in  all  directions  in 
I  as  to  fill  tlia  holes  which  could  have  been  formed  in  the  fuel,  fresh 
TMbargpii  up  M  the  initial  level. 
ritWDf  com  rid  line  "id  insuring  the  aeon  racy  nf  the  relatively  short  eiperi. 
'•'"!'.  Ilw  fupl  n-&D  weighed  and  chui^ted  every  half  hour  to  maintain  it  nearly 
■' I-' initial  level  In  tlip  hopper. 

'''m  BJO  till  1  o'rI'Kk  p.m.  the  engine  was  kept  under  a  brake  load  of  14S 
^ '  I  lliW  (SiB    poundx)  at  the   end  of   the  lever  of  L  =  1,648  (fl4"l)  at  an 
""■fl*lpMd  of  184.6(1  revolutions  per  minute,  developing  : 
85.11  tffeeHee  horie  power. 
Hit  ■RMpoiidtng  cnnsamption  of  brute  coal  was  :  104.&  kilogrammes  (333 
Nod^telitir  *'^  o'clock. 

'^ttm  atopplng  tlie  nngine,  the  brake  load  of  74  kilogrammes  (1^3  poundsl 
""MlUli^y  dhKThargfd.  tlie  load  maintained  being  140  —  74  =:  75  kilogrammes 

Fnsl  tftAodk  io  Q.3<)  o'clock,  at  an  avera$^  speed  of  195.5  revolutions  per 
|*i>ilt(i  Aaangine  sustained  a  load  of  i 

88.85  tffceliM  koT$r  powfr. 
I    ^  oorreflponding  coosumption   of    groas    coal   was   80   kilogrammes   (176 
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Tbe  two  above  indicated  consamptions  of  104.9  kilogrammes  (233  poam 
80  kilogrammes  (176  pounds)  refer  onlj  to  the  fuel  charged  in  tbe  gen 
without  deduction  of  ashes,  or  of  tbe  3  to  4  per  cent,  good  coal  which  hi 
passed  through  the  grate  and  picked  out  by  sifting. 

Trials  of  sudden  total  loading  and  unloading  of  the  engine  showe 
within  the  space  of  25  to  85  seconds  the  original  speed  was  recovered  tec 
to  the  sensitiveness  of  the  governor  and  its  manner  of  operation. 

At  the  other  hand.  50  seconds  after  admission  of  compressed  air  for  tat 
starting,  the  regular  speed  of  empty  running  was  reached,  while  thegorem 
oscillating  two  or  three  times  between  its  extreme  positions,  as  shown  ' 
ordinates  representing  the  variations  of  initial  pressure  recorded  bj  our 
tinuous  explosion  recorder." 

At  the  end  of  the  tests,  all  the  working  parts  of  the  engine  were  exa 
and  none  of  them  were  found  to  have  been  heated. 

With  regard  to  consumption,  regularity  and  smoothness  of  worku 
results  obtained  are  remarkable. 

They  realize  a  real  progress  in  the  construction  of  the  single-actin 
cycle  engines. 

With  regard  to  the  gas  plant,  the  permanent  quality  of  the  gas  pro 
giving  very  nearly  the  same  calorific  value  at  both  full  and  half  load,  points  i 
practical  good  proportions  of  the  generator  and  the  ease  with  which  it  isc 

Tlie  table  below,  and  the  average  types  of  diagrams  and  graphic  reoa 
pended  hereto,  will  confirm  these  statements. 

Explanation  of  the  Explosion  Record  Card. 

Taken  within  00  Mconds. 
(a)  Period  of  starting  with  compressed  air. 

(&)  Period  of  time  wanted  to  attain  normal  speed  with  engine  n 
without  load  50  seconds. 

(c)  First  startinjr  explosions. 

(d)  Period  of  oscillating  of  governor. 

(e)  Period  of  rcgium  of  explosions  at  empty  running. 
(/)  PerOd  of  gradual  loading  and  regium  of  full  load. 

TEST    OP    A    60-BRAKE    HORSE    POWER    GAS    ENGINE.    TYPE 
WITH    A    SUCTIOX    GAS    PLANT    OP    THE   QASMOTL 
FABBIK,  DKUTZ,  at  Coln,  March  15th,  1904. 
By  K.  Mathot,  Consulting  Englnwr,  Braaceli. 

TABLE    OF    DATA    OF    THE    TESTS. 
Diameter  of  Piston  D  =  16''5'  x  Piston  Stroke  C  =  18'9'. 

FULT.  IX)AD. 

1.  Average  number  of  revolutions  per  minute n.  18 

2.  ( '<)rresp(m<iing  effective  work B.  H.  P.  6i 

W.  Average  compnjssion,  p«»r  sij.  inch Il».  1? 

4.  A v<»rage  initial  explosive  pressures,  jwr  sq.  inch ,,    89* 

f).         "        final  expansion  pressure,       ,,    ,,     ,,       8. 

6.  Vacuum  at  aspiration,  ,,    ,,     ,,       , 

7.  Average  mean  pressure  on  piston,       ,,    ,,     , „     ^ 

8.  Corresponding  indicated  horse-power,  iier  sq.  inch IHP.  ' 
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IW. 

9.  Natare  of  f  ael :  Anthracitous  coal,  10/20  m/m. 
Ul  Ori^n  :  Coalpit  of  Zeche.     Morsbach  at  Aix  la  Chapelle. 
tl.  Chemical  Composition  of  coal  : 

Carbon,  S3. 22^.  Sulphur,   0.44^. 

Hydrogen,  8.81^.  Ashes,       7.88^. 

Nitrogen  and  Oxygen,    8.01^.                 Moisture,  2.69^. 
II  Calorific  value BT U.  18,660 

Qoi. 
VL  Chemical  composition  of  gas  : 

Carbonic  acid,    6.60^.  Marsh  gas,  0.67%, 

Oxygen,  0.30^.  Carbonic  oxide,  24.80^. 

Hydrogen,        18.90jf.  Nitrogen.  49.88^. 

14.  Calorific  value  of  gas,  combination  water  at  59**  Fahr.,  at  con- 

stant volume  reduced  to  82**  Fahr.  and  atm.  press BTU.  140 

Temperaturei :  Engine. 

15.  Cooling  water  at  the  inlet  of  the  cylinder  head  at  55.4''  Fahr. 

temperature  at  the  outlet Deg.  F.  109.5 

16.  Temperature  at  outlet  of  cylinder ,,      127.5 

Ooi  Ofiierator. 

17.  Temperature  of  water  in  the  vaporizer Deg.       ,,      158.8 

EFFICIENCIES  AND  CONSUMPTION. 

18.  Mechanical  efficiency %    84.6 

19.  Consumption  of  brute  coal  per  B.  II.  P.  and  per  hour lbs.      0.85 

20.  Tberraal  efficiency  related  to  the  effective  work  and  the  brute 

coal  consumed  in  the  gas  generator %    24.8 

HALF   LOAD. 

Work. 

1.  Average  number  of  revolutions  per  minute n  =  195.5 

2.  (.'orrespouding  effective  work B.  H.  P.    82.88 

•J.         ,,  average  compression lbs.  125 

i  Average  initial  explosive  pressure ,,     258 

5.         „    final  expansion     ,,       18 

8.  Vaccuum  at  aspiration .^ ,        6.8 

I.  Average  mean  pressure  on  piston , ,       46.2 

8.  Corresponding  indicated  power I.  II.  P.  45 

^  Speed  variation  between  full  and  lialf  load %      3.5 

CONSUMI*TION.' 

'0  Consumption  of  brute  coal  i)er  B.  H.  P.  and  |>er  hour lbs.  1,155 

nUNNINO   EMPTY. 

1  Averaj^e  number  of  revolutions  per  minute .n  —  199 

2'  Minimum  corresponding  compression   lbs.    95.55 

»  Average  initial  explosive  pressure ,,   220 

'       1.        final  expansion         ,,         ,       0 

•^  Varuuin  at  aspiration   •. .*.^  . .    ,,        8.8 

J  Average  mean  pressure  on  piston ,      11.2 

••  Corresponding  indicated  lior8e-|>owpr I.  H.  P.    11 

''•  Speed  variation  between  full  load  and  empty  running %     5.2 
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The  following  report  of  tests  made  on  a  four  c; 
double-acting  gas-engine  of  200  horse-power  in  the  si 
of  the  Societe  des  Moteurs  a  Gas  Otto-Deutz  at  Cologne-D< 
is  signed  by  Prof.  Aime  Witz,  Engineer  of  Arts  and  Mann 
turos;  by  Rndolph  Mathot,  Consulting  Engineer,  and  by  Mr. 
de  Herbais  de  Thun,  Engineer  of  Arts  and  Manufactures.  ' 
test  was  made  March  14th  and  15th,  1904. 

Installation. 

1.  The  motor  is  a  single  cylinder  double-acting  fqjir-ci 
Otto-Dcutz  machine,  with  poppet  valve  and  electric  igniti 
Governing  is  done  by  the  variable  opening  of  the  valve  wh 
admits  the  mixture.  The  fulcrum  of  one  of  the  controll 
levers  is  shifted  by  the  governor.  The  jacket  of  the  cylind 
the  exhaust  valves  and  the  nozzle  of  the  exhaust  pipe  are  coo 
by  water  circulation  with  visible  outlet  independent  of  each  otb 
Each  pipe  is  furnished  with  a  controlling  valve  at  its  out! 
The  piston  and  its  rod  are  cooled  by  a  special  circulation  of  wa 
with  visible  discharge,  ecjually  under  control,  and  working  um 
a  pressure  of  about  one  kilogram.  The  pipes  which  bring  t 
air  and  the  gas  have  butterfly  valves,  enabling  the  quality  of  1 
mixture  drawn  into  the  cvlinder  to  be  varied. 

2.  An  aspiration  producer  of  the  Otto-Deutz  system  is  mi 
up  of  a  producer  with  interior  vaporizer  and  two  coke  scrubbc 
The  producer  carries  at  its  upper  part  a  hopper  with  doul 
closure  and  an  arrang(Mnent  which  prevents  simultaneous  ope; 
tion  of  the  two  closurc^s.  The  overflow  from  the  evaporation  p 
can  be  directed  either  ifito  the  ash-pit  or  into  the  sewer.  ( 
leaving  the  producer,  the  gas  ])asse8  down  through  a  condi 
towards  tlu*  base  of  the  first  scrubl)er  and  leaves  the  top  of  t 
first  to  enter  in  the  same  manner  into  the  base  of  the  second^  ai 
leaves  tlie  top  of  the  second  scrubber  to  pass  to  the  motor. 

The  following  data  are  significant: 

Diameter  of  Iho  Piston 540  mm. 

Rtroko  of  Piston 700  mm. 

Piston  l?od  DianicttT 130  mm. 

Diameter  of  Prolongation  of  Rod 110  mm. 

Horse-Power  of  the  Mot^jr 800  H.  P. 

Revolutions  per  minute ISO 
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ervations  of  the  test  covered  the  following  points: 

I.  Begalaritj. 

II.  Effective  Power. 

III.  Consumption  of  Combustible. 

IV.  Consumption  of  Water. 

V.     Temperatures  of  Gas  and  Water. 
VI.     Analysis  of  Gas  and  Coal. 

I.  Regularity. 

as  were  taken  and  graphic  registrations  to  inform  the 
ters  concerning  the  conditions  of  governing.  Curves 
n  when  the  motor  was  running  at  about  half  charge 
taneoiislj  the  speed  of  the  motor  was  observed  every 
)nds  by  readings  of  the  counter.  The  curves  denote  a 
ilarity  in  the  initial  pressures  of  the  explosion.  By 
g  the  ignitions  on  one  of  the  faces  of  the  piston,  an 
increase  in  initial  pressure  of  the  explosions  appeared 
other. 

pressing  the  admission  of  mixture,  the  pressure  of  ex- 
L»creases  gradually  from  17  kilos,  to  4  kilos.  The  mean 
:  revolutions  was  152.22,  with  a  range  from  a  minimum 
d  a  maximum  of  156,  or  a  difference  of  12  revolutions 
e  or  8  per  cent. 

1  be  remarked,  that  between  the  irregular  distances 
the  curves  between  the  condition  for  half  charge  and 
he  differences  are  proportional  to  the  above  differences 
The  correctness  of  the  diagram  is  thus  confirmed, 
irse  of  the  tests  on  mixture,  the  speed  of  the  motor  was 
iblv  constant  between   the  limits  of   149.1   and   151.8 

ft- 

IS  per   minute.      The   variation   is   thus   only    1.75   per 
e  operation  of  the  machine  was  distinctly  regular  and 
no  abnormal  heating  observed  of  any  part. 

II.  Effect  we  Power, 

as  determined  by  means  of  two  Pronv  brakes,  mounted 
s  fastened  to  the  motor  shaft.  The  first  brake  (A)  has 
f  2.04  metres,  which  was  not  exactly  balanced  with  re- 
itsolf.  The  weight  necessary  to  balance  it  was  0  kilos., 
ould  be  deducted  from  the  gross  weights  on  the  brake. 
nd  brake  (B)  was  exactly  balanced  in  the  presence  of  the 
>;  its  lever  arm  was  2.00  metres.  The  number  of  turns 
5tered  by  an  integrating  counter  mounted  on  cam  shaft. 
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The  relative  readings  respecting  the  weights  on  the  lever 
and  the  speed  gave  the  following  values: 


Date. 

Length  of  Teats 

Mean  Speed. 

inHrE. 

R.P.M. 

Brake. 

Hone  Power 

Mar.  4 

8 

151.29 

A 

108.48 

<( 

8 

151.29 

B 

Total; 

1 10.74 
214.22 

Mar.  15 

10 

150.20 

A 

110.18 

<< 

10 

150.20 

B 
Total: 

112.95 
222.83 

Fuel  Consumption. 

The  observations  relative  to  fuel  consumption  belong  to  three 
distinct  ])eriods. 

The  first  period,Mareh  14,1904,3  P.M. — 6  P.M.,or  three  hours, 
covercKl  the  running  of  the  motor  and  the  producer  being  contin- 
uously charged  at  intervals.  After  stirring  the  fire  and  cleaning 
the  grate  the  producer  was  filled  with  fuel  to  a  determined  level 
The  additions  during  the  running  were  made  at  regular  intervals 
and  wore  thirty  kilos,  every  half  hour.  At  the  end  of  the  period, 
after  stirring  the  fire  and  cleaning  the  grate,  the  original  level 
was  established. 

Tho  second  pc^riod,  on  the  14th  and  15th  of  March,  was  that 
during  which  the  producer  was  working  by  natural  draft  with- 
out addition  of  f u(4  from  the  end  of  the  first  period  to  the  be- 
ginning of  the  third.  The  mechanism  of  the  charging  box  was 
kept  in  a  closed  ])osition  during  all  this  period  by  waxed  seals 
affix(Hl  ])V  the  observers. 

Th(»  tliird  ])eriod,  from  8.20  A.M.  to  6.20  P.M.,  or  ten  hours, 
covered  the  regular  working  of  the  installation  with  continuous 
feeding:  the  operations  which  were  performed  during  the  first 
period  were  re])eated  for  the  third.  Below  are  the  data  of  the 
observations: 


Period 

I 

II 

III 


Lonirth 
Hn*. 


3 

1L02 
10 
18 


Mean  Spi'cd 
Kov.  piT.Min. 


151.29 


150.20 


OTOR. 

Mcim  Eflfee- 
ti?e  Work. 

n.p. 

TMal 
TomX 
Conmpt. 
KUofc 

Fael 
RikM. 

FMliNr    . 
B.P.iNr 
Hour. 
Guma 

214.22 

270 

90 

420           ! 

•  • 

21.7 

1.65 

•  • 

222.83 

726.7 

72.67 

826.12      : 

220  84 

1018.4 

78.84 

864.78     i 

It  should  1)(^  noted  that  at  the  middle  and  at  the  end  of  the 
third  period  there  was  recharged  into  the  producer  62.6  kilos,  of 
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l,b0.14.7       1 


L.A. 


L         MathotJL 
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Fia.  174. 


Kg. 

L.b8.2S8     25 


[ 
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fUtKet^ 
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Fig.  176. 
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coal  cinders  and  utilizable  small  fuel  which  it  was  convenient  to 
take  note  of,  but  of  which  account  need  not  be  taken. 

IV.  Consumption  of  Water. 

Arrangements  were  made  to  secure  a  measurement  of  the 
necessary  water  both  for  cooling  the  engine  itself  and  the  cooling 
of  the  gas  as  well  as  for  the  generation  of  the  steam  necessary 
for  the  use  of  the  producer.  The  water  meters  had  been  placed 
on  the  pipe  which  brings  the  water  to  the  motor  and  on  that 
which  supplied  the  scrubbers. 

A  weir  of  constant  output  standardized  by  the  courtesy  and  oare 
of  Mr.  AVinand  to  within  an  error  of  two  per  cent,  had  been  estab- 
lished for  the  water  leaving  the  piston  rod.  A  meiasuring  ap- 
pliance was  placed  above  the  producer  to  measure  the  feed  to 
the  vaporizer,  and  the  water  escaping  from  the  overflow  of  the 
latter  was  caught  and  weighed.  The  mean  hourly  totals  are 
given  in  the  following  table. 

Tho  observations  refer  to  the  run  in  the  third  period  of  the 
test  and  correspond  to  the  mean  horse-power  of  222.83  developed 
by  the  engine. 

Consnmptiofi  Mean  Consninption 

per  hoar.  per  H.P.  per  oonr. 

Litres.  Litre?. 
For  the  Motor. 

Cooling  of  the  cylinder,  exhaust  valves  and  pipe 4.650  20.870 

Coolinj^  of  the  piston  and  rod 1.750  7.853 

For  the  producer. 

Cooling  of  the  scrubbers 1.429  6.412 

Water  used  in  vaporizer 68.3  0.284 

This  last  consumption  referred  to  fuel  burned  gives  a  ratio  of  , 

-??^-=  87.1  percent. 
328.3  ^ 

V.  Increase  of  Temperature. 

Engine. — The  cooling  water   after  its   passage   through  the 
various  jackets  escaped  to  the  free  air  through  curved  pipes,  dis-. 
char^ncc  into  funnels.     Each  pipe  was  fitted  with  a  controlling 
valve.      The  different  pipes  are  designated  as  follows: 

A .  Exhaust  pipe  jacket,  back  end. 

B.  "        valve  jacket,  back  end. 

C.  *'        pipe  jacket,  front  end. 

D.  •*        valve  jacket,  back  end. 

E.  Cylinder  jacket. 

F.  Piston  and  rod. 
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Producer. — The  water  for  the  vaporizer  had  a  thennomet 
immersed  therein.  The  washwater  for  the  scrubber  flowed  into 
receiver  fitted  with  an  overflow  whose  contents  formed  the  1 
draulie  joint.  Two  thermometers  were  placed  in  the  gas  pr 
respectively  at  the  exit  from  the  producer  and  at  the  exit  frc 
the  second  scrubber.  The  temperatures  of  water  and  gas  w€ 
taken  at  different  intt^rvals  during  the  test  of  March  15th,  a 
are  g^ven  in  the  following  table.  The  temperature  of  water  < 
livored  to  the  engine  and  to  the  scrubber  remained  sensibly  a 
stant  at  13  degrees  C. 

Time.  8.40     g.lO     11.80     18.40  8.16  p.m.  5.0  X« 

(A.      63      50    55.6      61        74      89       67.06 


Temperature  of  cooling 
water  leaving  the 
engine. 


P.  61  69  57.0  68  66  64  60.08 

a  41  61  55.5  62  62  68.5  66.60-67 

A  57  65  54.0  68  64  66  60.75 

E,  40  54  60.0  66  42.6  47  61.41 

Piston 85  51  49.5  49  48.5  62.5    47.66 

Water  from  the  vaporizer  of  the 

producer 66  61  86.5  87  87  88 

Waterleaving  the  scrubbers...  33  40  49  50  62.5  61 
Temperature  of  the  g^  leaving 

producer 126  178  250  280  291  294 

Temperature  of  gas  leaving  2Dd 

scrubber    17  19  17  18  20  19 

Temperature  of  the  room 16  16  16    .  16.6  17.6  18 

From  lack  of  preparation  to  this  end  it  was  not  possible 
measure  sc^paratcly  the  delivery  from  the  outlets  A  and  By  < 
We  can  therefore  not  calculate  exactly  the  quantity  of  heat  c 
riod  away  by  the  circulation  of  water  in  detail,  but  this  quant 
can  be  approximately  determined.  The  delivery  from  the  pipe 
was  greater  than  that  of  each  of  the  other  pipes,  but  was  not  tw 
this  quantity. 

Tlio  mean  temperature  of  the  water  leaving  these  five  outlt 
will  there foro  be  between  57.18  and  56.22,  which  is  the  meanc 
culat<-d  respectively  on  the  supposition  of  -equal  discharge,  a 
that  tlie  discharge  from  C  was  equal  to  twice  that  of  each  of  t 
other  orifices. 

On  this  basis  the  heat  removed  per  hour  by  the  water  will  be 

From  tho  cylinder  and  its  appendages  from  (67.18  — 18)  4660  =  2064S7  alO] 
to  (56.22  -  13)  4650  =  200973  calories. 

of  whicli  two-fifths  or  two-sixths,  or  80,000  or  68,000  calories,  i 
taken  from  the  exhaust  gases  by  the  circulations  A  ftnd  C 

From  the  piston  (4766  -  18)  1750  =  6065S 
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From  this  is  deduced  that  the  circulation  necessary  to  secure 

lannal  working  of  the  engine  would  absorb  a  quantity  of  heat 

per  hour  approximating  180,000  to   192,000  calories/^  or  820 

to  870  calories  per  horse-power  per  hour. 

The  coal  used  in  the  course  of  these  tests  was  analyzed  by  our- 

sdves.    It  contained  2  per  cent,  of  moisture.    The  composition 

of  the  dryed  coal  was  as  follows: 

Fixed  carbon 79.8 

Volatile  oompoaDds 17.1 

M 8.1 

Bluest  calorific  power. 8100  calories. 

The  calorific  power  was  deteamined  on  the  ground  by  means  of 
the  Junker  calorimeter.  Moreover  different  samples  were  taken 
whose  calorific  power  was  determined  by  means  of  the  Witz  eudio- 
metric  bomb  and  the  chemical  analysis  was  made  by  an  engineer 
of  the  Deutz  Company.  The  result  of  these  analyses  was  as 
follows: 

Time.  10.60    18^ 

CO, , 

0 

H 

Methame 

CO 

X 

Gdorific  Power  from  Analysis  In  Calories  at  0"C 

and  700  mm  highest  value 1838  1446 

GUorific  power  from  the  bomb  and  steam  con- 

densed  at  15' C  (highest  value) 1868    1265    1287    1268    1295 

Oilorific  power  by  calorimeter  reduced  to  O'C 

(highest  value)  1389 1889  1885  1881 

Ditto  (lower  value)  steam  condensed  at  25"  C 18(^  1250  1246 

The  engine  appears  to  us  capable  of  developing  normally  with- 
out disturbance  or  overheating  an  effective  horse-power  of  220 
horse-power  and  the  corresponding  consumption  of  fuel  can  be 
considered  as  remarkably  economical.     The  operation  of  the  as- 
pirating producer  is  very  regular,  and  the  operations  of  charging 
tnd  of  cleansing  when  made  regularly  and  at  convenient  time 
caused  no  disturbance  in  the  production  of  gas.     No  deposit  of 
tar  nor  of  dust  was  det(H;ted  by  us  and  the  purification  of  the 
pw  appeared  to  be  excellent.     Our  tests  have  established  there- 
fore that  the  double-acting  four-cycle  gas-engine  of  the  Otto- 
Dputz  Company,  fed  by  means  of  an  aspirating  generator  of  the 
Otto-Deutz  type,  is  capable  of  assuring  a  very  regular  and  very 
economical  service. 


a.60  P.X. 

435          6 

6.50)^ 

2.00^ 

0.80^ 

0.503( 

18.60^ 

n.7Q% 

0.645( 

o.eo% 

24.50^ 

29.80)( 

48.96j^ 

49.00^ 
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Table  af  the  elements  of  the  test. 

ENGINK 

Piston  tod  diameter 540  mm 

Stroke 700 

Diameter  of  piston  rod 190 

'*      '*        •'  prolongation 110 

Full  charge  test.                                                        March  14th.  March  ISth 

1.  Mean  rev.  per  mlnate 151.29  150.90 

2.  Effective  horse-power  corresponding 214.99  929.83 

3.  Duration  of  the  test,  hours 8  10 

4.  Mean  temperature  of  water  degrees,  cent,  after 

cooling  piston •. 47. 86 

Same  after  cooling  cylinder  and  appendages..  S7. 18 

5.  Consumption  of   water,    litres  per   hoar    for 

piston 1750 

Producer. 

6.  Fuel    from    Bonne    Esperance    et    Batterie    a 

Herstal  (Belgium) 

7.  Calorific  |)ower 8100  calorics 

8.  Consumption  of  fuel  (kilos),  per  hour  (24-1  kilos 

were  burned  during  night  of  14-15) 00  72.67 

9.  Consumption  of  water  litres  per  hoar. 

Vaporizer 63.8 

Scrubber 1499 

1 0.  Mean  temperature  of  gas  leaving  the  generator.  999* 

Mean  temperature  of  gas  leaving  scrubber. . .  17* 

ECONOMY. 

12.  Gross  consumption  of  coal  per  H.  P.  per  hoar 

each  test-grams 420  896.13 

Mean  consumption  including  that  during  a 
stop  854.7 

Menu  ('onsumption  corrected  for  moistare.. .     411.16     847.61819.60 
18.  TIktiujiI  fconomv  rt'fiTred  to  effective   horse- 

pow<;r  and  dry  coal  consumed  in  producer. 

(a)  Each  test 0.190  0.244 

(0)  Moan 0.916 

14,  Consumption  of  water   per    horse-power   per 

hour  in  litres. 

(a)  Cylinder  and  appendages 20.870 

(b)  Piston 7.858 

{'')  Vapnriz*-r 0.884 

{d)  Washing  tlie  gas 6.412 

Consumption  of  vaporizing   water  in  kilos. 

per  gram  of  fuel.  0.871 

(Signed)  B.  Mathot, 

A.  Wits, 
De  Herbait  De  Thvn. 
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•.  William  P.  Flint* — ^I  must  plead  ignorance  as  to  the  rec- 
?ndation  of  a  committee  of  this  Society,  that  the  total,  rather 

the  effective  British  thermal  units,  be  used  for  calculating 
*iigine   efficiencies. 

here  the  efficiency  of  a  gas  engine  is  to  be  compared  with 
Enxi  engine,  the  total  heat  is  certainly  the  one  which  should  be 
,  but  where  two  similar  gas  engines  are  to  be  compared,  one  of 
h  may  be  running,  for  instance,  on  producer  gas  having  a 
i  percentage  of  hydrogen,  and  the  other  on  blast  furnace  gas 
aininfi^  practically  no  hydrogen,  the  effective  British  thermal 
s  furnishes  a  better  basis  for  comparison  than  the  total  does. 
hv  iiH^thod  of  reducing  results  to  the  arbitrary  100  horse-power 
s  is  not  alone  valuable  for  comparing  similar  engines  on  a  given 
It  has  value  for  comparirig  gas  engines  of  different  types, 

on  different  fuola,  for,  by  eliminating  the  large  displace- 
\t  of  the  curves  due  to  differences  of  size,  it  makes  apparent^the 
erencoa  both  of  power  obtained  per  unit  of  displacement  and 
econoiiiv. 

It  should  be  remembered  that  the  basis  proposed  is  based  on  the 
ixture  vohiiiie,  and  not  on  the  gas  volume  drawn  in.  The  heat 
ilues  of  different  commercial  fuel  gases  vary  widely,  but  the  heat 
iluc?«  of  the  gases  per  cubic  foot  of  explosive  mixture  do  not  vary 
iiDTe  than  about  50  per  cent.,  hence  results  obtained  with  the 
Bllercnt  gases  may  bo  intelligently  compared  when  plotted  on  the 
fines  proj><)se(l  in  this  paper. 

1  wish,  in  closing,  to  thank  Mr.  Chambers  for  his  interesting 
comments,  and  hope  I  shall  have  a  chance  to  learn  from  him 
:  wmething  of  his  experience  in  England. 


*  Author's  closure,  under  the  Rules. 


550        ROAD  TESTS  OF  CONSOUDATION  FBEIOHT  LOCOMOTITE8. 


No.  1039.« 

ROAD    TESTS    OF   CONSOLIDATION  FREIGHT   LOCO- 
MOTIVES. 

BY  B.  A.  HITCHCOCK,  COLUXBUfi,  O. 

(Member  of  the  Society.) 

1.  The  matter  contained  in  this  paper  is  presented  to  the  So- 
ciety, not  only  for  the  purpose  of  showing  the  engine  performance 
of  a  particular  type  of  locomotive  working  under  every-day  road 
conditions,  but  to  show  by  complete  boiler  heat  balance  all  the 
losses  incurred  for  the  particular  conditions  encountered,  and 
thereby  being  able  to  make  comparisons  of  the  locomotive  boiler 
under  actual  working  conditions,  and  the  stationary  water-tube 
type,  as  described  in  Paper  No.  997,  Volume  XXIV.  ,of  the 
Transactions,  the  same  methods  for  determining  the  heat  bat 
ance  being  employed  in  all  cases. 

2.  Through  the  courtesy  of  the  officials  of  the  Hocking  Valley 
Kailroad,  and  especially  that  of  Mr.  S.  S.  Stiffoy,  Superintendent 
of  Motive  Power,  a  scries  of  three  trials  was  arranged  and  con- 
ducted as  thesis  work  under  the  direction  of  the  writer,  by  Meesn. 
E.  CK  RaiUy,  II.  E.  Williams  and  R.  E.  Rightmire  of  the  1902 
senior  class  in  Mechanical  Engineering  at  Ohio  State  University. 
Tlieso  parti(»s  were  ably  assisted  by  Mr.  W.  A.  Johnson  of  the 
senior  class. 

3  Also  (luring  the  spring  of  1903  another  set  of  trials  was 
made  to  serve  as  a  cheek  on  the  work  of  the  previous  year,  slight 
niodifieatioTis  being  made  in  connecting  up  some  of  the  apparatus 
used  and  also  in  the  application  of  additional  apparatus. 

4.  These  trials  were  carried  on  as  thesis  work  by  Messrs.  W.  R 
;^[orris,  ().  Z.  Linxweiler,  D.  M.  Boothman  and  W.  R.  Judson, 
members  of  the  1003  class,  ably  assisted  by  Mr.  E.  G.  Bailey, 
F(»llow  in  Experimental  Engineering. 


*  Presented  at  the  Chicago  meeting  (May  and  June,  llHMl)  ot  tbe  Americui 
Society  of  MecLanical  Engineers,  and  forming  part  of  Volume  XZV.  ot  the 
Transactiont. 


ROAD  TESTS  OF  CONSOLIDATION  FREIGHT  LOCOMOTIVES.         551 


LEFT  CYLINDER 


liUePost   US 
Beverae  Lever   5 
Bev.  perMin.   64J 


Fia.  179. 
Brooks  LocomotiTe  No.  230.    Ran  No.  1.    Scale  of  Spring  100. 
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ftlGHT  CYLINDEB 


Fig.  180. 
Brooks  Locoinoti\T  No.  290.    Kuii  No.  1.    Scale  of  Sptbig  loa 
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K  The  loctmiotives  used  first  were  a  Brooks  and  Baldwin  of 
ten-wheel  consolidated  type,  dimensions  for  which  are  given 
the  following  pages.  Brooks  Ko.  230,  which  had  been  in  ser- 
3  about  one  year,  was  thoroughly  cleaned  just  previous  to  the 
i\y  receiving  a  new  set  of  flues.  Baldwin  No.  240  ^as  com- 
•atively  new,  having  been  in  service  four  weeks,  the  boiler, 
vever,  was  thoroughly  washed  out  just  previous  to  the  trial., 
r  the  trials  of  1903  only  one  locomotive  was  used.  Brooks  No. 
r,  its  dimensions  being  identical  with  that  of  No..  230.  This 
^ne  was  comparatively  new,  having  been  in  service  only  four 
mths,  it  simply  being  washed  out  previous  to  the  runs. 

Preparation. 

6.  For  determination  of  the  amount  of  feed  water  rather  than 
se  the  unreliable  meter,  the  tank  of  each  locomotive  was  care- 
ally  calibrated  by  adding  weighed  quantites  of  Water  and  noting 
be  rise  in  the  tank  by  means  of  glass  tubes  on  scales  graduated  in 
lundreds  of  feet  and  placed  on  each  side  of  the  tank  in  the  ver- 
Ucal  plane  of  its  center  of  gravity. 

7.  The  Barrus  calorimeters  for  moisture  determinations  were 
connected  to  both  the  steam  dome  and  the  valve  chest  In  the  first 
case  the  sampling  tube  of  the  standard  form  extended  alongside 
of  the  throttle  valve,  while  for  the  other  case  the  sampling  tube 
extended  into  the  steam  chest  by  the  way  of  the  relief  valve  con- 
nection, the  calorimeter  connection  passing  through  the  side  of  the 
relief  valve  and  connecting  by  means  of  an  elbow  to  the  sampling 
lube. 

H.  For  obtaining  temperature  of  escaping  gases,  a  Hohmann  and 
Maurer  mercurial  pyrometer  extended  through  the  side  of  the 
smoke  box  and  just  in  front  of  the  netting. 

9.  For  temperature  of  injector  discharge  the  branch  pipes  just 
beyond  the  injectors  were  provided  with  brass  thermometer  wells. 
Water  manometers  were  located  in  the  cab  for  obtaining  draft 
in  smoke  box,  fire  box  and  ash  pan,  connection  being  made  to 
these  manometers  by  ^-inch  pipe  and  rubber  tubing. 

For  obtaining  samples  of  the  products  of  combustion,  a  jacketed 
nampling  tube  was  constructed  of  f-incli  pipe  placed  inside  of 
l-inch  pipe.  Its  length  was  5  foot,  and  extended  across  the  smoke 
x>x  on  the  horizontal  diameter  just  in  front  of  the  netting.  The 
[-inch  pipe  plugged  at  the  enclosed  end  had  connecting  to  it,  6 
Qches  apart,  nipples  passing  through  and  expanded  into  the  1-inch 
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pipe.  The  inner  end  of  the  1-inch  jacket  pipe  opened  into  the 
smoke  box,  while  to  the  outer  end  a  connection  was  made  to  the 
discharge  of  the  steam  chest  calorimeter.  The  sampling  tube 
jacketed  in  this  manner  prevented  any  chemical  reaction  between 
the  iron  and  CO^  on  account  of  the  high  tidmperature. 

10.  The  form  of  apparatus  used  for  collecting  the  samples  of 
.flue  gas,  suggested  by  Prof.  N.  W.  Lord,  and  described  and  illus- 
trated in  his  recent  publication,  "  Notes  on  Metallurgical  Analy- 
sis," p.  179,  consists  of  a  1,000  c.  c.  bottle  partially  filled  with  cot- 
ton, this  bottle  being  connected  to  the  |-inch  sampling  tabe,  and 
also  through  a  tee  to  a  two-ounce  bottle  containing  mercury,  this 
mercury  bottle  being  connected  to  a  steam  aspirator  receiving  its 
steam  from  the  steam  chest.    To  the  other  branch  of  the  tee  above 
the  two-ounce  bottle  was  connected,  by  rubber  tubing  with  a  pinch 
cock,  the  tube  for  collecting  the  sample.     These  collecting  tubes 
are  of  glass  about  1  foot  long,  1^  inches  in  diameter,  drawn  down 
at  each  end,  and  have  a  cubic  contents  of  about  250  c  o.    These 
tubes  are  first  filled  with  water  and  closed  by  glass  plugs  put  into 
short  rubb(*r  tubes  on  the  contracted  ends.    In  drawing  a  sample 
of  gas,  a  collecting  tube  is  first  connected,  as  spoken  of  above.    To 
the  lower  end  of  this  tube  is  connected  by  rubber  tube  a  glass 
bulb,  to  the  low(»r  (»nd  of  which  is  connected  by  a  long  rubber  tube 

a  larger  bulb  for  retaining  water  when  employing  the  collecting 
tube  in  drawing  a  sample  of  gas.  After  drawing  a  sample,  and 
the  collecting  tube  is  free  of  water,  it  is  sealed  at  each  end  with 
the  glass  ])lugs  and  then  placed  in  an  especially  prepared  case. 
This  sampling  apparatus  was  fastened  to  the  plate  on  the  front 
of  the  l)<)ilor,  thereby  making  it  of  convenient  height  for  the  per- 
son Hianipuhiting  same  wlien  standing  on  the  pilot. 

11.  Crosby  indicators,  one  on  each  cylinder,  with  three-way 
e<)(*ks  were  used.  The  connecting  pipes  were  }-inch  with  easy 
Ixmds  and  well  cov(M*cd  with  magnesia.    Scale  of  spring  100. 

12.  The  reducing  motion  was  the  double-slotted  pendulnm  type 
with  sliding  block  connected  to  cross  head,  and  also  a  sliding  Mock 
receiving  motion  for  the  indicator  and  transmitting  such  to  same 
by  a  rigid  conn(»ction,  so  that  the  indicator  cord  used  was  not  over 
1  foot  long. 

13.  For  obtaining  the  number  of  revolutions  a  continnouB 
count^T  was  fastened  to  one  of  the  forward  boiler  braces  m  • 
convenient  position  to  read,  receiving  its  motion  from  the  reduc- 
ing motion. 
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LBFTOrUNDm 

MUePoet  88 
Beverae  Lever  1 
Bev.perMin.   212 


Fig.  181. 
Brooks  Locomotiye  No.  280.    Ran  No.  1.    Scale  of  Spring  lOQl 
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BIGHT  GYLINDEB 
MUePost   80 


Via.  182. 
Itrookfl  LocomotlTp  No.  'J»).    Knn  No.  1.    Scale  of  Spring  100. 
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14.  A  continuous  counter  was  also  connected  to  the  air  pump; 
leceiving  its  motion  from  a  clamp  on  the  piston  rod^  the  rod  slip- 
png  through  the  clamp  when  against  either  stuffing  box. 

Method  of  Conducting  Trials. 

15.  The  coal  was  weighed  in  small  quantities  and  thrown  on 
the  tender  loose,  with  the  exception  of  from  1,500  to  3,000  pounds, 
which  was  placed  in  sacks  of  100  pounds  each,  to  be  used  at  the 
end  of  the  trial.  At  the.  time  of  coaling  a  sample  was  taken  for 
uialysis. 

16.  The  fire  was  cleaned  about  one  and  one-half  hours  before 
starting.  Just  before  coupling  onto  the  train  the  fire  was  shaken 
down  and  ash  pan  cleaned,  when  at  the  start  the  depth  of  the 
fire  was  noted  and  also  height  of  water  in  the  boiler,  or  in  other 
worda,  the  alternate  method  for  starting. 

At  the  end  of  the  trials  the  same  method  was  pursued  and  refuse 
drawn  from  the  pan,  weighed  and  sampled  for  analysis. 

17.  The  number  of  injector  applications  was  noted  and  a  cor- 
responding correction  made  for  the  loss  at  the  overflow,  also  the 
number  of  times  of  popping  of  safety  valve  with  duration,  the 
loss  of  steam  from  this  direction  being  determined  f r(»n  a  test  of 
the  pop  valve. 

18.  All  readings  and  indicator  cards  were  taken  at  every  mile 
post  over  the  heaviest  grade  of  the  road,  but  when  on  the  lighter 
or  reverse  grades,  on  account  of  the  much  higher  rate  of  speed, 
readings  were  taken  at  every  second  mile  post.  The  time  at 
passing  mile  posts  was  noted  and  also  the  time  by  stop  watch  that 
the  revolution  counter  indicated  30  revolutions,  from  which  revo- 
lutions per  minute  were  obtained. 

19.  The  flue  gas  samples  for  the  whole  trip  were  taken  at  every 
fourth  mile  post  and  these  samples  analyzed  by  the  Orsat  ap- 
paratus the  following  day. 

20.  In  making  the  first  three  trials,  it  was  anticipated  that 
sufficient  cinder  and  combustible  matter  for  analysis  would  collect 
in  the  front  end,  but  as  the  two  engines  thoroughly  cleaned  them- 
selves, it  was  necessary  to  make  a  subsequent  run  under  similar 
conditions,  catching  an  average  sample  of  combustible  matter 
leaving  the  stack.  This  was  done  by  a  spark  collector  fastened 
to  the  rear  of  the  stack.  This  collector  was  a  tight  pine  box 
3  feet  long,  2  feet  deep  and  1  foot  wide.  A  funnelshaped  piece 
of  galvanized  iron  pipe,  4J^  inches  diameter  at  the  large  end, 
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passed  through  the  lid  of  the  box  at  one  end,  reaching  witlun  9 
inches  of  the  bottom.  To  the  upper  or  small  end  of  this  corneal 
pipe,  was  connected  a  ^-ineh  "  return  bend "  brass  pipe  liA 
chamf erred  end,  extending  just  down  into  the  stacL  This  bnsB 
pipe  was  free  to  s\ving  across  the  stack  at  an  angle  of  45  degrees 
to  the  center  line  of  the  double  exhaust  nozzle,  the  movement 
being  controlled  from  the  running  board  and  so  arranged  as  to 
lock  in  three  different  positions.  The  interior  of  the  box  was 
divided  by  two  baffle  plates,  so  as  to  change  direction  of  gasef 
passing  through  the  box,  thereby  making  deposit  of  solid  mattei 
more  positive,  and  in  order  to  relieve  the  pressure  caused  by  thi 
exhaust  at  the  same  time  preventing  escape  of  combustible  mattei 
about  30  per  cent  of  the  lid  at  the  opposite  end  from  the  oonica 
pipe,  was  made  of  fine  wire  gauze  and  so  arranged  that  this  gauz 
could  be  easily  removed  and  cleaned,  as  the  smoke  in  combinatio 
mth  the  steam  would  after  a  time  clog  the  screen.  From  th 
stack  sam])le  and  the  analysis  of  the  coal  and  refuse  on  this  am 
iliary  trial,  tlie  loss  through  the  stack  for  the  previous  trials  wt 
computed. 

21.  On  the  four  trials  of  the  following  year  this  same  appan 
tus  was  used,  but  improved  somewhat  by  lining  the  box  wit 
galvanized  iron,  as  it  was  found  that  the  lumber  soon  dried  oi 
and  opened  up  sufficiently  in  places  to  admit  exit  of  soot  Th 
was  entirely  eliminated  with  the  lining,  the  only  opportunil 
for  escape  of  the  products  of  combustion  being  through  the  brai 
gauze. 

22.  The  four  trials  of  1903  were  conducted  in  the  same  mannt 
as  the  three  of  the  previous  year  with  some  slight  additions  < 
a|)]>aratus,  change  in  location,  etc.,  i.e.,  a  Thompson  indicator  wj 
conn(M!l('d  to  the  stc^ani  chest  on  one  side  while^  as  before,  a  Ba 
nis  calorimeter  connected  with  the  opposite  side.  These  wei 
rc'vorscJ  on  trials  Xo.  6  and  No.  7.  The  steam  aspirator  for  tl 
flue  gas  sampling  apparatus  was  connected  to  the  caIorimet4 
sani])lLng  tube  at  the  dome,  as  was  also  the  steam  gauge.  Tl 
aspirator  located  at  this  point  with  ^-inch  pipe  leading  to  the  frw 
end  gave  much  better  satisfaction  since  the  aspiration  was  csoi 
stant  and  not  intermittent  when  connected  to  the  steam  che 
as  in  trials  No.  1  and  No.  3.  The  pressure  gauge  connected  1 
the  dome  had  its  advantages  in  location  over  the  regular  gai^ 
in  the  cal),  since  it  could  be  a  standardized  gauge,  easily  remove 
between  runs  and  standardized  at  any  time. 
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LEFT  CrUNDEa 


MUo  I'uBt  106 
Oevene  Lei-er  8 
Bev.perHiD.  stj 
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MUc  P(»t  106 
Reverse  Lever  8 
Jtov.  per  Min.  8L8 


Fio.  184. 
Il-ildwiii  I.iii  niuitrUc  Nd.^IO.    Kuii  No.  3.    Scale  of  Spring  100. 
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^3.  The  airpump  counter  was  placed  in  a  more  convenient 
ition,  i.e.,  on  top  of  the  air  cylinder  and  worked  by  means  of 
miill  plunger  working  in  a  brass  cylinder  connected  to  the  air 
Qp.  The  amount  of  steam  used  by  the  air  pump  in  all  cases 
computed  from  data  furnished  by  the  New  York  Air 
ke  Co. 

i.  For  assistance  rendered  and  suggestions  given  we  are  in- 
ted  to  Prof.  N.  W.  Lord,  in  whose  department  all  the  chem- 
work  was  carried  on  and  calorific  determinations  of  coal  and 
k  refuse  made. 


General  Dtmensions. 

H.  V.  Railway  LocomotiTee.  No.  880. 

Brooks. 

ht  on  diiTors 188,600  lbs. 

ht  on  truck  wheels 17.000  lbs. 

weight 150,500  lbs. 

ht  of  tender  loaded 104,000  lbs. 

A  base,  driving 15  feet. 

**    toUl  of  engine 28  ft.  1  in. 

"    total  of  engine  and  tender. '. 

length,  engine 87  ft.  9  ins. 

"        engine  and  tender 61  ft.  0  in. 

It,  center  of  boiler  above  rails 8  ft.  4  ins. 

top  of  stack  above  rails 14  ft.  5i  ins. 

ing  surface,  fire-box 147.7  sq.  ft. 

tubes 1,732.8  sq.  ft. 

total 1,880.5  pq.  ft. 

e  area 81.08  sq.  ft. 

VTB,  diameter 54  ins. 

'       material  of  centers steeled  c.  i. 

n  wheel  fit 7 J  ins. 

tck  wheels,  diameter 80  ins. 

unils,  driving  axles,  diameter 8  ins. 

"      track  axle,  diameter 5  ins. 

tinetink'pin,  diameter 6^  ins. 

length eiins. 

J^Wer  diameter 20  ins. 

^^  rtroke 26  ins. 

^  rod  diameter 81  ins. 

'»lw  rod  diameter If  ins. 

»^<rf piston  rod  packing metallic. 

''VW  main  rod.  center  to  center 10  ft.  7J  ins. 

**a  porta,  length ISHns. 

"      "     width liins. 

^^^  portB.  length 18^  ins. 

"       "      width Sins. 

*^  width Uins. 


No.  940. 
Baldwin. 
181,090  lbs. 
14,650  lbs. 
145J40  lbs. 
100,000  lbs. 

15  feet. 

28  feet 

87  ft.  9  ins. 

61  ft.  0  in. 

7  ft.  Hi  ins. 

12  ft.  5|  ins. 

158.9  sq.  ft. 

1,727.8  sq.  ft. 

1,886.7  sq.  ft. 

80.1  sq.  ft. 

64  ins. 
steeled  c.  f. 

8  ins. 

80  ins. 
Si  ins.  &  8  ins. 

5  ins. 

5f  ins. 

5i  ins. 

20  ins. 

26  ins. 

Siins. 

Uins. 

metallic. 

10  ft.  2|  ins. 

16  ins. 

U  ins. 

16  ins. 

2iins. 
lin. 


l< 
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H.  V.  railway  Locomotives.  No.  280. 

Valves,  Icind balanced  slide. 

greatest  travel 51  ins. 

outside  lap  . .  1  in. 

inside  lap 0 

Boiler,  type Belpaire. 

Working  steam  pressure 180  Ibs; 

Material  in  barrel    carbon  steel. 

Thickness  of  material -fe^- 

Barrel,  outside  diameters 03f  ins.  &60  ins. 

Kind  of  seams,  longitudinal )  ^a%^SSaple°  Up 

"     "      "        circumferential doable  lap 

Tube  sheet,  thickness ^  in. 

Crown  sheet,  thickness 

Kind  of  crown  sheet  stajs radial. 

Dome,  diameter  outside 81  ins. 

Firebox,  length 9  ft. 

width 8ft.5ins. 

depth,  front 5  ft. 

"       back 4ft.7ins. 

Distance  of  grate  below  fire  door 27  ins. 

Firebox,  material carbon  steel. 

thickness  of  sheets  ^  in. 

width  of  water  space 4  ins. 

Grate,  length •  f t. 

"      width 8ft.5ins. 

"      kind rocking 

•  •      number  of  bars 11 

Tubes,  number 241 

material Shelby  drawn  stec 

"     outside  diameter dins. 

"      length  over  sheets 18  ft.  lOj  ins. 

Smoke  box,  inside  diameter 63  ins. 

"    length 68  ins. 

Exhaust  nozzle,  single  or  double single. 

"            **       fixed  or  variable fixed. 

"            '*       diameter 4|  ins. 

Distance  of  tip  from  center  of  Iwiler 4  Ins.  above. 

Netting,  kind stamped. 

'  *        size  of  mesh ^  in.  x  1^  ins. 

Stack,  kind stTaJghi. 

diameter 15i  ins. 

height  above  smoke  bnx   42  ins. 

Ratio  of  air  space  to  grate  area    47  per  cent. 

Width  of  air  space J  in. 

Tender,  type 8-wheeled. 

Tank  capacity 6,240  gals. 

Kind  of  material ^  in.  steel. 

Wheels,  diameter 88  ins. 


It 


It 
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XiBFT  GXriNDER 


Fig.  ia5. 

Baldwin  Locomotive  No.  240.    Kiin  No.  3.    Scale  of  Spring  100. 
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RIGEHT  07LIKDBEL 


Fio.  186. 
Baldwin  Locomotive  No.  .^0.    Run  No.  8.    Scale  of  Sprini;  W\ 
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H.  T.  lUilm;*  Locomotl 
dluneter 


qf  center  of  axle. 

f  tender  over  hamper  bar  . 
funit , 


rtuktoeollftr  4  ft   8  in. 

.  I     tnidvale,  open 

"^ 1  liPBrth 


dlobricator 

d  buk  cDuplers. . 


c  eqaipment  . . 

ittke  beam 

inke  shoe 


hi^arth. 
MIcliigsn. 

Dackeye. 

Ohio. 
Sew  Tork. 

Mardeu. 

Brooka. 

Brooks  steeled. 


5  ft.  4  ins. 
6t  ins. 

38  ft  :i  ins. 
21  ft.  7  ioH. 
9  ft.  3)  Los. 
4  ft.  10  ins, 
st'd  Bi«e] 

Michigan. 

Buckeye. 

CosleSios  mnffli 

heiuiL  "  D  "  Btng 

Ohio. 

New  Tork. 

Harden. 

Harden. 

Ashcroft. 


iber  of  trial     1  8 

oftrialH Maj9.  MaySO.lBOa 

itionnf  trials— total,  houra 6.93  S,49 

itionof  trialB,  running  time   4.66  4.47 

lUon  of  trials,  steaming'' lima 4. .51  4.03 

iber  of  stopfl. 5  5 

i  of  fuel. Hocking.         Uocking. 

I  of  weather Clear.      Cloudy  &  final. 

nlonof  wind N.  E.  W.  by  S.  W. 

dty  of  wind,  mltea  per  hour 11. S  Q 


Avtn^e  Pre. 


m  preuare  at  dom^. . 


)1ute  steam  pressure  lbs, 

■e  of  draft,  front  end ins. 

»  of  draft,  fire  box ins. 

«  of  draft,  ash  pkii  Ins, 

AnTiigt   Tempfralvre). 


184. S 
4.19 
S.16 


ifing  gasuB 

l"»ter  in  tank 

I  water  learing  Inji-ctor  . 
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H.  V.  Railway  LocomotlTes.  No.  nO.  lib.  Ml. 

24.  Percentage  of  moisture  in  ooal  by  analjsis.  . .  .p.  c  6. 71  l.fR 

25.  Weight  of  dry  coal  fired lbs.  12,861  1,811 

26.  Weight  of  refuse  in  pan Ibe.  580  M 

27.  Percentage  of  refuse  in  pan  to  coal p.  c.  4.88  t.86 

28.  Combustible  in  refuse Ibe.  184  Itt 

29.  Total  combustible  minus  oomb.  in  pan lbs.  10^885  8,887 

30.  Totol  ash  bj  analysis Ibe.  1,881  778 

81.  Weight  of  ash  passing  flues Ibe.  785  471 

32.  Total  refuse  passing  flues Ibe.  8,648  1.505 

33.  Percentage  of  ash  lost  to  total  ash p.  c.  68.85  91M 

34.  Percentage  of  refuse  through  stack  to  ooal  . . .  .p.  c.  19.96  liM 
85.  Equivalent  coal  actually  burned Ibe.  10,885.  8,987. 

36.  Netdrycoal  burned Ibe.  10,154  ,815 

37.  Net  combustible  burned Ibe.  9,127  7,868. 

Fud  AnalytU^PraximaU  Anal^9u. 

38.  Fixed  carbon per  cent.  48.69  51<2S 

39.  Volatile  matter '*      "  85.29  84.88 

40.  Moisture "      "  6.72  888 

41.  Ash "      '*  9.80  7.51 

Ultimate  AnalytU. 

42.  Carbon percent.  66.69  86.13 

43.  Hydrogen '*      ••  5.15  5.84 

44.  Oxygen **      '*  16.48  16.88 

45.  Nitrogen "      "  1.89  1.44 

46.  Sulphur *•      '•  2.18  •« 

47.  Ash "      "  9.80  7.51 

Analyiis  of  Pan  Rtfut, 

48.  Combustible percent.  28.05  25.85 

41).  Ash ••      "  76.95  74.85 

Analyaii  of  Stack  R^fiue, 

50.  Combustible per  cent.  70.80  88.87 

51.  Ash "      ••  29.70  M*^ 

Fuel  per  Hour  Steaming  Time, 

.V3.  Actual  coal  fired Ibe.  2,986.  8.547. 

r}',i.  K<iui valeot  coal  burned lbs.  2.418.  8,215 

54.  Combustible  burued  Ibe.  2,024.  1>' 

55.  Actual  coal  fired  per  square  foot  grate Ibe.  94.46 

56.  Equivalent  coal  burned  per  square  foot  grate 77.64 

57.  Combustible  burned  per  square  foot  grate 6S.18 

58.  Combustible  burned  per  square  foot  heating  eurfaee  1.076 


84  82 
78.80 
88.10 
1.008 


i  OF   COKSOUDATION   FREIGHT   LOCOMOTIVES.         567 


LEFT  CYLINDEB 


imePosi  S4 

Reverse  LecOT   7 
Rev.  per  Hln.     30.3 
Pullinjf  ill  on  Siding 
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ROAD  TESTS  OF  GONSOUDATIOy  FREIGHT  IX>G0K0T1V]SB. 


BIGHT  CYLTNDEHf 


Pig.  188. 

Brooks  Locomotive  No.  257.    Run  ?7o.  4.    Scale  of  Spring  lOO. 


OAI>    TESTS  OP   CONSOLIDATION   FREIGHT   LOCOMOTIVES.         569 

Calorific  Value  of  Fuel. 

Tl.y .  Railway  LocomotivcB.  No.  230.  No.  240. 
fie  value  per  pound  of  actual  coal  by  Mahler 

Calorimeter 11,898  12.265 

ific  value  per  pound  of  dry  coal  12,755  18,168 

ific  value  per  pound  of  combustible    14,167  14,328 

ific  value  per  pound  of  stack  refuse 9,983  9,863 

Qtuility  of  Steam. 

ty  of  steam  at  dome  (dry  steam  =  unity) .9609  .9632 

ity  of  steam  at  steam  chest .9853  .9621 

ity  correction  (steam  at  dome) 9715  .9731 

Waler. 

tial  weight  of  water  fed  to  boiler lbs.  82,710  71.240 

valent  weight  of  water  actually  evaporated  into 

drysteam 80,355  69,328 

or  of  evaporation 1.2056  1.1969 

i valent   water  evaporated  into  dry  steam  from 

and  at  212  d«igrees 96,876  82,973 

Water  per  Hour  Steaming  Time. 

ivalent  evaporation  per  hour  from  and  at  212  deg.  21.480  20,570 
i valent  evaporation  per  hour  from  and  at  212 

degrees  per  square  foot  heating  surface 11.42  10.91 

Be-power    eveloped  by  boiler  (34.51  b.  rating)..  622.  596. 

Economic  Remits. 

ter  apparently  evaporated  under  actual  conditions 

per  pound  of  coal  as  fired 6.25  6.94  ' 

livalent  evaporation  from  and  at  212  degrees  per 

poundof  actual  coal  fired 7.82  8.08 

Liivalent  evaporation  from  and  at  212  degrees  per 

pound  of  dry  coal  firod 7.84  8.68 

divalent  evaporation  from  and  at  212  degrees  per 

pound  of  combustible  minus  pan  combustible. .  8.82  9.55 

ui valent  evaporation  from  and  at  212  degrees  per 

pound  of  equivalent  coal  burned 8.90  9.29 

ui  valent  evaporation  from  and  at  212  degrees  per 

pound  of  dry  coal  burned 9.54  9.98 

uivalcnt  evaporation  from  and  at  212  degrees  per 

pound  of  combustible  burned 10.61  10.84 

Efficiencies. 

Rciency  of   boiler   from  combustible  minus   pan 

combustible 60.13  64.88 

Bciency  of  boiler  from  corabuntible  burned 73.03  73.16 

Bciency  of  boiler  and  furnace  from  coal  fired 59 .  39  63.65 

*  Corrected  for  height  of  water  Id  boiler  and  overflow  from  injector. 
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Flue  Gas  Analym  by  Weight. 

H.  V.  Railway  Locomotives.  No.  880.  No.  M 

88.  COt  =  Carbon  dioxide 17.78  18.K 

84.  O      =Oxygen 6.44  10.81 

85.  CO  =  Carbon  monoxide .64  .(K 

86.  N     =  Nitrogen 75.20  75.8( 

87.  Percentage  of  air  excess 89.9  8S0 

ffeat  Balance. 

B.  T.  U.      p.  c.      B.  T.  U.     I 

88.  Loss  per  lb.  of  coal  due  to  prodacts  of  com- 

bustion   1,855  11.39  1.359     1 

^9.  Loss  per  lb.  of  coal  due  to  air  excess 448  8.77  875 

90.  Loss  per  lb.  of  coal  due  to  latent  beat 502  4.22  504 

91.  Loss  per  lb.  of  coal  due  to  uubnmed  coal  in 

pan 182        1.11  132 

92.  Loss  per  lb.  of  coal  due  to  onbnmed  coal  oat 

stack 1,992  16.78  1,466      1 

93.  Loss  per  lb.  of  coal  due  to  CO 292  2.46       

94.  Loss  per  lb.  of  coal  due  to  radiation,  etc Ill  .98  230 

95.  Heat  used  in  evaporation 7.066  59 .89  7.800     6 

96.  Total  beat  supplied 11.898    100.00    12.265    10 

Engine, 

Number  of  cars  in  train 85 

Gross  load  in  tons 1,66J  1.' 

Total  miles 78.91  78 

Total  revolutions 87,! 

Average  speed  in  miles  per  bnur 15.91  I 

Average  revolutions  per  minute 99.1  10 

Steam  pressure  by  gauge 166.4  17 

Initial  pressures,  right  cylinder  head  end 11 1.6  14 

crank  end 100.5  18 

left         "        headend 108.9  14 

crankend 108.  14 

Back  pressure,  right  cylinder  head  end 10.9  1 

"           "            •*            ••       crank  end 6.7  1 

loft         *•       headend 8.7  1 

crank  end 7.7  1 

Mean  effective  pressure,  right  cylinder  head  end 71 .7  6 

crank  end 62.9  5 

left          "        headend 77.0  6 

•*             *'             •*           *'        crank  end. .  ^. .   65.2  5 

Horse-power,  right  cylinder  head  end 145.6  15 

crank  end   ■    117.5  18 

''              left         '*        headend   155.  15 

'*           '*        crank  end 120.8  14 

Total 588. 4 

Exhaust  horse-power 71.8 


T 
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CEFTCTIINSBB 


MflePose  66 


Pig.  189. 

Brooks  LocomotlTo  No.  267.    Ron  No.  4.    8cal«  of  Bpdng  100. 
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Fio.  190. 
Brooks  I/ocomotiTC  No.  257.    Itan  No.  4.    SoOe  of  Sprins  100. 


•  «  «« 

**  »« 
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H.  V.  Railway  Locomotlyes.  No.  257.  No.  257. 

Safety  valve.  Dumber  of  times  popped 13  6 

number  of  seconds  on 2,110  840 

pounds  of  steam  escaped 1,114  443 

Steam  lost  at  calorimeters,  dome 886  827 

*•    *•             •*             valve  chest 195  238 

Dry  steam  lost  by  pop  and  calorimeters 1 .610  966 

Dry  steam  used  by  engioe  and  air  pump    78.745  68,357 

Total  hours  throttle  open 4.51  4.03 

Indicate<l  horse-power,  hours 2,428  2,404 

Pounds  dry  steam  per  indicated  horse-power  per  hour  includ- 
ing air  pump 83.47  28.42 

Total  strokes  of  air  pump 5,878  5,178 

Thy  steam  used  by  air  pump  lbs.  855  754 

Pounds  dry  steam  per  indicated  horse-power  per  engine  alone.  32.07  28.11 

Ton  miles 123,351  123,947 

Pounds  coal  per  ton  mile lbs.  .1074  .0828 

Pounds  steam  per  ton  mile lbs.  .638  .549 

1.  Number  of  trial 4  5 

2.  Date  of  trials  May  4.  May  6,  1903. 

3.  Duration  of  trials total  hrs.  7.12  5.81 

4.  Duration  of  trials running  time.  4.91  4.72 

5.  Duration  of  trials steaming  time.  4.53  4.00 

6.  N  umber  of  stopi^ 8  7 

7.  Kind  of  fuel West  Va.  West  Va. 

8.  State  of  weather Clear.  Clear. 

9.  Direction  of  wind S.  E.  S.  W. 

10.  Velocity  of  wind miles  per  hr.  6.$  7.7 

Average  Pressures. 

11.  Steam  pressure  at  dome lbs. 

12.  Barometer ins. 

13.  Absolute  steam  pressure lbs. 

14.  Force  of  draft — front  end ins. 

15.  Force  of  draft — fire  box '* 

15.  Force  of  draft — ash  pan 


(( 


180.5 

167. 

29.5 

29  86 

194.9 

181.5 

8.86 

4.2 

1.74 

1.83 

.19 

.13 

59. 

71. 

760.4 

742.6 

55.4 

55.8 

Average  Temperature. 

17.  External  air deg.  Fahr. 

IH.  Escaping  gases " 

19.  Feed-water  in  tank 

30.  Feed-water  leaving  injector '*  204.  198. 

Fuel. 

-^   Size Lump.  Lump. 

22.  Thickness  of  fire ins.  8  to  12  8  to  10 

255.  Weight  of  coal  fired lbs.  10.730  9,800 

24.  Percentage  of  moisture  in  coal  by  analysis,  per  cent.  !3.85  2.20 
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n.  V.  Railway  Locomotiyes.  No.  SS7.  Ko.fl7. 

25.  Weight  of  dry  coal  fired lbs.  10,434  9,58i 

26.  Weight  of  refuse  in  pan •'  429  SS 

27.  Percentage  of  refuse  in  pan  to  coal per  cent.  4.  5.5 

28.  Combustible  in  refuse lbs.  119.  188. 

29.  Total  combustible  minus  comb,  in  pan "  9,425.  8,552. 

30.  Total  ash  by  analysis "  880.  834. 

81.  Weight  of  ash  passing  flues **  570.  485. 

32.  Total  refuse  passing  flues "  2,088.  1,516. 

33.  Percentage  of  ash  lost  to  total  ash per  cent.  64.8  57.9 

34.  Percentage  of  refuse  through  stack  to  coal.  *'      '*  18.94  15.ti 

35.  Equivalent  coal  actually  burned lbs.  9,081.  S.'iSi. 

36.  Netdrycoal  burned *•  8.822.  8,350. 

37.  Net  combustible  burned ••'  8,078.  7.(133. 


Fuel  Analysis. — Proximate  AnalyaU. 

38.  Fixed  carbon per  cent.        54.85  54.49 

39.  Volatile  matter '•      "           84.10  34.80 

40.  Moisture **      '*             3.85  2.20 

41.  Ash *•      '*             8.20  851 


Ultimate  Analyeie, 

43.  Carbon percent.        7{^88  76.41 

43.  Hydrogen "  5.1«  5.12 

44.  Oxygen "  8.81  7.78 

45.  Nitrogen •*  1.86  IW 

46.  Sulphur "  1.14  .81 

47.  Ash "  820  8-51 


Analysis  of  Pan  Refute. 

48.  Combustible per  cent.        27.78         84.85 

49.  Ash •   ••  72.27  «15 


Analysis  of  Stack  Refuse. 

50.  Combustible per  cent.        72.01  68.19 

51.  Ash "  27,99         «1  ^^ 


Fuel  per  Hour  Steaming  Time, 

52.  Actual  coal  fired lbs.  2,868  2,450 

53.  Equivalent  coal  burned •«  2,004  2.134 

54.  Combustible  burned •'  1,782  '^M^ 

55.  Actual  coal  fired  per  sq.  ft.  grate •*                76.8  '^ 

56.  Equivalent  coal  burned  per  sq.  ft.  grate 64.4  ® 

57.  Combusjtible  burned  per  sq.  ft.  grate 57.84  ^^'^ 

58.  Combustible  burned  pr.  sq.  ft.  heating  surface .947  ^ 
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LEFT  CYLINDER 


Fta.  191. 

Brook!  LMDmotlTE  No.  SST.    Hdd  No.  G.    Scale  of  Bprlns  too. 


I 

J 
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RIGHT  CYLINIJEB 


Fm.  193. 

BriKikf  I^KKoiiinrivc  Xn.  357.    Kun  No.  5.    Sc«]c  of  Spring  100. 
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Oaiorifie  Vah/e  of  Furl. 

H.  T.  BkUwrt  LocomntlTM.  No.  MT.  No.  tST. 

T>lne  per  lb.  or  ai-tuBl  ooal  h;  Ualiler 

moler 13,340  18,384 

value  per  lb.  of  dry  coal 13,731  13,695 

value  per  lb.  of  eombasiible t3,i)0G  10,001 

v»lue  per  lb.  ot  stack  refusfl 10,037  9,505 

Qualilg  of  Steam. 

>f  sten<D  ai  dome  (dry  HtesDi  =  uaity) 09!!3  .9000 

if  steam  at  Bteain  chest S7T1  .9fll4 

Mrreetioa  (steam  at  dome) 99SO  .9970 

Waltr. 

weight  of  water  fed  to  boiler lbs.       78,145  78.481 

nt  ireight  of  water  actually  evaporated  into 

Bteam 73.780  78,8i7 

'  evaporation 1.315  1.314 

nt  water  evaporated  into  dry  steam  from 

ot  2ia  degrees 88.430  89.019 

Water  fur  Hour  Sttamiag  Timt. 
nt  evaporatioii  ptr  Ur,  from  and  at  313  dcg,       19,60G  23,255 

nt  eTaporntioD   per  boor  from  and  at  313 

ees  per  gqusre  font  heating  surface  10.37  11.84 

■werdevBloped  by  boller(34.5  lb.  rating),.      56.5.  653. 

Eeonnmir  Retvtti. 
pparently  eraporatcd  ander  actual  condi- 

(  per  pound  of  coal  as  fired 0.63  7.51 

Dt  evaporation  from  and  nt  313  degrees  per 

idof  acLual  coal  Gred 8.34  9.09 

nt  evaporation  from  and  at  213  degrees  per 

idof  dry  coal  Bred 8.48  9.3S 

nt  evaporation  from  and  at  21 3  degrees  per 

■d  of  combustible  minuH  pan  combuslibte.  9,38  10.43 

nt  evapomtloQ  from  and  at  313degrees  per 

id  of  eqoivalent  coal  burned 9,74  10.44 

nt  evaporation  from  and  at  313  degrees  per 

id  of  dry  coal  burned. 10.03  10. B7 

nt  evaporation  from  and  at  213  degrees  per 

)d  of  combOBtlblo  burned 10.94  11.88 

B^rieneie*. 
f  of  boiler   from   combusiible   minus   pan 

bastible 80 .  38            67 .  00 

'Of  boiler  from  corahusfible  burned 70.48            75.86 

f  of  boiler  and  fumni-o  from  coal  Srod 59,65            65.  AS 

•  ComcMd  for  height  ot  w»Wr  In  boUcr  ami  OTirflow  from  Injccuir. 


578         ROAD  TESTS  OF   CONSOLIDATION   FREIGHT  LOCOliOTIV 

Flue  Gas  Analysis  by  WeigJit, 

n.  y.  liailway  Locomotives.  No.  S57. 

83.  COa  =  Carbon  dioxide 18.61 

84.  O      =Oxygen 5.45 

85.  CO  =  Carbon  monoxide .63 

86.  N     =  Nitrogen 75.31 

87.  Percentage  of  air  excess 81 .8 

Beat  Balance. 

B.  T.  U.      p.  c.      B. ' 

88.  Loss  per  pound  of  coal  due  to  products  of 

combustion 1,618  12.13      1, 

89.  Loss  per  pound  of  coal  due  to  air  excess 441  8.31 

90.  Loss  per  pound  of  coal  due  to  latent  heat. . . .        486  8.64 

91.  Loss  per  pound  of  coal  due  to  unburned  coal 

in  pan 161  1.21 

92.  Loss  per  pound  of  coal  due  to  unburned  coal 

out  stack 1,904  14.27      1. 

93.  Loss  per  pound  of  coal  due  ta  CO 329  2.47 

94.  Loss  per  })ound  of  coal  due  to  radiation,  etc. .        448  8.32 

95.  Heat  used  in  evaporation 7,958  59 .65      8. 

96.  Total  heat  supplied 18,840  100.00    18, 

Sngine, 

Number  of  cars  in  train 88 

(i^ross  load  in  tons 1,490 

Total  miles 74.11 

Total  revolutions 27,840 

Average  speed  in  miles  per  hour 15.08 

Average  revolutions  per  minute    94. 

Steam  pressure  per  gauge 180. 5 

Steam  chest  pressure  by  indicator 118.8 

Initial  pressures  :  Right  cylinder — head  end .' . . .  118. 7 

"      —crank  end 114.4 

Left  cylinder— head  end 112.1 

*'       —crank  end 112.8 

Back  pressure :  Right  cylinder— -head  end 8.08 

•'       —crank  end 7.23 

'*            '*         I^ft  cylinder— head  end 7.68 

'*       —crank  end 7.88 

Mean  effective  pressure  :  Right  cylinder — ^head  end 58.7 

••      —crank  end...  50.8 

Left  cylinder -head  end 54  4 

"      --crank  end 54  4 

Horse-power:  Right  cylinder — head  end 128.1 

'*      —crank  end 124.8 

**             Loft  cylinder— hi»ad  end 189.9 

*•       —crank  end 134  8 

Total 526 . 6 
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LEFT  CYLINDEB 


Mile  Poet   64 
Reverse  Lever   1 


Fig.  193. 
Brooks  Locomotive  No.  257.    Run  No.  5.    Scale  of  Spring  100. 


88 
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RIGHT  C7LINDEB 


Fig.  194. 

Brooks  Locomotive  No.  257.    Run  No.  5.    Scale  of  Spcing  100. 


E.  A.  Hjtchcoci. 


ft 


ROAD  TESTS  OF  CONSOLIDATION  FBEIQHT  LOCOMOTIVES.         581 

H.  V.  Railway  LocomotiTes.  No.  830.  No.  MO.    - 

lOst  borse-power 77.42  70.^ 

y  valve  :  Number  of  times  popped 69  85  - 

Number  of  seconds  on 6,900.  8,664. 

Lbs.  of  steam  escaped 8,680  1,928 

a  lost  at  calorimeters :  Dome 480  868 

**     *'            •*            Valvecliest 417  268 

{team  lost  by  pop  and  calorimeters 4,660  2,664 

steam  used  by  engine  and  air  pump 68,280  70,788 

I  hours  tbrottle  open 4.68  4.0 

P.  hours 2,886.  2,206.4 

dry  steam  per  I.  H.  P.  per  hr.  including  air  pump.  28.6  82.05 

I  strokes  of  air  pump 6,000  6,889 

steam  used  by  air  pump lbs.  876.  1,005. 

dry  steam  per  I.  II.  P.  per  engine  alone 28.24  81.6 

nules 110,428 .         108,824 . 

coal  per  ton  mile lbs.  .0971  .0905 

steam  per  ton  mile lbs.  .610  .648 

0.  It  will  be  seen  by  the  general  results  that  there  are  only 
r  out  of  the  seven  trials  given.  This  is  due  to  irregularitiea 
?ping  in  which  would  effect  certain  parts  of  the  results,  these 
gularities  being  a  leaky  boiler  in  two  cases  and  using  some 
;he  weighed-up  coal  for  another  purpose  previous  to  the  trial 
»vever,  j)ortions  of  the  results  which  such  irregularities  would 
effect  are  given  in  the  curves  drawn. 

1.  l1u\so  curves  show  the  profile  of  the  Hocking  Valley  Bail- 
1  from  Columbus  to  Carey,  nearly  due  north  a  distance  of  74.5 
?s ;  the  speed  in  miles  per  hour;  total  horse-power;  horse-power 
,  due  to  back  pressure;  position  of  reverse  lever;  steam  pres- 
j;  av(»rage  initial  pressure  in  cylinders;  draft  in  front  end  and 
[)erature  of  escaping  gases.    The  areas  enclosed  by  the  curves 

their  respective  base  line  give  the  averages  in  the  table  of 
?ral  results. 

2.  During  trials  No.  1  and  No.  3  the  per  cent,  of  moisture  in 
steam  as  shown  by  the   Barrus  calorimeter  at  the  steam 

it  was  slightly  less  than  at  the  dome,  while  in  trials  No.  4  and 
5  the  n^verse  was  the  case — drver  steam  at  the  dome  than  at 
chest.  Although  highly  improbable,  it  was  thought  that  this 
lit  1)0  due  to  the  fact  that  on  nms  No.  4  and  No.  5,  the  flue 
a.<i>irator  received  its  steam  from  the  dome  sampling  tube,  this 
3  having  a  tee  looking  down  to  which  was  connected  the  pres- 
5  gauge  and  the  aspirator,  the  calorimeter  connecting  to  the 
Lzoutal  leg  of  the  tee.  In  trials  No.  1  and  No.  3  such  was  not 
case,  the  calorimeter  connecting  direct  to  the  sampling  tube. 
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In  order  to  satisfy  ourselves  on  this  pointy  a  special  run  was  mi 
on  the  same  engine  with  the  same  sampling  tube  and  the  cak 
meter^  but  with  the  tee  removed  and  the  percentage  of  moiati 
shown  was  practically  identical  with  that  obtained  on  the  tri 
mentioned.  In  all  cases  the  connections  to  the  calorimeter  vi 
well  covered,  and  after  the  trials  the  two  instruments  were  tesi 
on  the  same  sampling  tube  and  found  to  give  parallel  readin 
so  that  it  is  evident  that  the  sample  of  steam  at  one  place  or  1 
other  was  not  a  representative  sample  of  the  steam  at  that  pla 
The  difference  in  ash  pan  draft  on  trials  Ko.  1  and  No.  3  is  c 
to  the  fact  that  the  pans  of  the  Brooks  locomotive  are  more  op 
having  coarse  wire  screens  at  the  side. 

33.  In  comparing  trials  Ko.  1  and  'No.  3  the  difference  in  ste 
consumption  is  probably  due  in  part  to  the  fact  that  engine  i 
was  not  working  *'  square  "  as  the  cards  will  show,  and  also  t 
the  piston  gland  packing  of  the  right  side  and  the  valve  st 
packing  and  relief  valve  on  the  left  side  leaked  somewhat 
the  other  hand  in  comparing  trials  No.  4  and  No.  5  where ' 
conditions  are  practically  constant  as  to  engine,  crew,  load,  e 
quite  a  variation  in  the  steam  consumption  will  be  seen, 
doubtedly  due  to  the  different  running  conditions  as  shown 
tlio  cnirvc's,  length  of  times  that  throttle  was  open  and  time 
motion. 

34.  As  regards  the  boiler  performance,  comparing  the  sen 
heat  balances,  the  results  obtained  show  that  the  "  radiation,  et 
loss  is  a  small  amount,  the  average  for  the  four  trials  being  1 
per  cent.  This  is  to  be  expected  with  an  internal  fired  boiler  i 
high  rate  of  combustion.  Although  this  percentage  loss  wo 
increase  as  rate  of  combustion  decreases,  yet  on  the  locomol 
boiler  with  rate  of  combustion  approaching  that  obtained  in 
tionnrv  ])ractico,  it  would  still  be  somewhat  less  than  the  sc 
loss  ns  (lolonnined  in  the  same  way  on  a  boiler  with  brick  setl 
lik(»  the  boiler  at  Ohio  State  University.  (See  paper  No.  S 
vol.  XXIV.,  Transactions  A.S.M.E.) 

3.5.  The  greatest  loss  as  shown  by  the  several  heat  balai 
is  that  due  to  combustible  matter  passing  out  the  stack.  Thi 
doi)endcnt  upon  many  conditions,  that  is,  kind  and  conditioi 
coal,  intensity  of  draft,  single  or  double  exhaust  nozzle,  nun 
of  starts  and  stops,  etc.  Trials  1  and  3  giving  respectively  1( 
per  cent,  and  12.95  per  cent,  are  with  single  and  double  exhj 
nozzles  and  a  free  burning,  non-coking  coal,  while  trials  4  ai 
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me  locomotive  and  having  single  exhaust  nozzle  and  a 
3oal,  gave  respectively  14.27  per  cent,  and  10.98  per  cent. 
Ls  stated  above  the  results  of  several  of  the  trials  are  not 
1  account  of  certain  irregularities  creeping  in  which  would 
le  results  as  a  whole  but  not  in  part.  For  example  on  trial 
oiler  leaked  somewhat  around  the  fire-box  stay  bolts  when 
ine  was  not  in  motion,  but  when  under  way  with  hot  fire, 
:age  practically  disappeared.  Therefore,  the  boiler  results 
trial  with  the  exception  of  those  which  involve  the  amount 
water  should  be  practically  correct  and  as  trial  7  was 
rooks  engine  with  Hocking  lump  coal  or  a  duplicate  of 
►f  the  previous  year,  some  of  the  boiler  results  given  below 
used  in  comparison  with  those  of  trial  1. 

.f  trial 7 

:ime hre.  4.76 

Iraffc — front  end ins.  8.77 

ore  of  escaping  gases deg.  Fahr.  782 

r  coal  fired lbs.  12.927 

'  refuse  in  pan **  598 

«  of  refuse  in  pan  to  coal . per  cent.  4 . 61 

ise  passing  flues lbs.  2,585 

e  of  ash  lost  to  total  ash per  cent.  65.5 

e  of  refuse  through  stack  to  coal "  19.97 

Proximate  Analysis  of  Coal, 

bon percent.  48.92 

latter "  85.11 

6.10 
9.85 


(I 
II 


Ultimate  Analysis  of  Coal. 


percent.  66.84 

5.17 
15.10 
1.42 
1.68 
9.85 


li 
1 1 

K 
14 

il 


Analysis  of  Pan  Refuse. 

ble per  cent.  26.55 

♦•  78.45 

Analysis  of  Stack  Refuse. 

ble per  cent.  67.71 

••  32.29 

ralue  of  actual  coal  by  Mahlor  calorimeter B.  T.  U.        11,744 

alue  of  stack  refuse  by       •'  "         "  10,481 

Flue  Qas  Analysis  by  Weight. 

rbon  dioxide per  cent.  16  56 

ygen ••  6.74 

rbon  monoxide "  .84 

trogen "  76.86 

re  of  air  excess "  42.1 
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Partial  Heat  Balance. 

B.  T.  U.     Pn 

Loss  per  lb.  of  coal  due  to  products  of  comb J  ,305  11 

Loss  per  lb.  of  coal  due  to  air  excess 459  t 

Loss  per  lb.  of  coal  due  to  latent  beat 486  4 

Loss  per  lb.  of  coal  due  to  unburned  coal  in  pan   156  1 

Loss  per  lb.  of  coal  due  to  unburned  coal  out  stack 2.082  17 

Loss  per  lb.  of  coal  due  to  CO 421  I 

The  above  partial  heat  balance  gives  17.75  per  cent,  as  the  ] 
out  the  stack  which  compares  very  closely  with  that  of  trial  ] 
1,  or  1G.73  per  cent. 


DISCUSSION. 

il/r.  Wjn,  Form/th, — This  paper  relates  largely  to  the  j 
foniiaiicc  of  locomotive  boilers,  and  its  principal  value  is  in 
contiiiiioiis  analysis  of  the  waste  gases  and  the  exact  measi 
mciits  of  coal  consumption  and  of  refuse,  which  have  resulted 
the  licat  balance.  I  believe  this  is  the  first  time  that  the  1 
balance  has  bc(»n  applied  to  the  road  testes  of  locomotives,  i 
the  author  states  that  the  object  of  the  experiments  was 
obtain  datii  for  makini*'  a  lieat  balance  for  locomotives  and 
lujikc  comparisons  of  the  locomotive  boiler  under  actual  worli 
conditions  with  the  stationary  water  tube  boiler.  Although 
such  comparisons  arc  ])resented  in  the  paper  wo  can  niak 
coni])arativc  showing,  by  using  figures  which  are  given  in 
pa])cr  for  engine  257,  and  those  given  for  stationary  water  t 
boilcM's  l)y  tlic  same  author  in  his  ])aper  at  the  Saratoga  nieei 
last  year,  and  ^^ucli  a  comparison  is  made  in  the  following  tabic 

Los.-^es  Per  Pound  of  Coal. 


Due  to  products  of  combustion 


**      iiir  excess. 


**      Intent  heiit 

"     unburned  coal  * , 

"      carbonic  oxidcj 

"     radiation 1,819 

Heat  used  in  evaporation 11,100 


Stationary  Boiler. 

Locomotin! 

Water  Tube 

Hocking  Vtl 

B.  T.  U. 

Per  Cent. 

B.  T.  U.    Jkr 

962 

6.4 

1.618        1 

816 

2.1 

441 

406 

2.7 

486 

301 

2.0 

2,065         1 

129 

0.8 

829 

1,819 

12.1 

448 

1,100 

73.8 

7,958         5 

Total  heat  supplied 15,083        100.00         13,840        10 


♦  I'libunied  coal  in  ash  pan 161  poandei,    1.21  per 

Unburned  coal  out  of  bl.uk 1*904  ponnds,  14 .27  per 

9,065  poand«,  15.48  pet 

It  \nll  1)0  j^ooii  tluit  rlio  unlnirnecl  coal  for  the  stationary  Ix 
amounts  to  two  pcT  cent,  of  the  coal  fire,  while  in  the  locomc 
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» 18  15^  X)er  cent.^  and  in  some  of  the  tests  recorded  in  the  paper 
;  was  as  high  as  20  per  cent.  The  loss  due  to  radiation  is  given 
i  12  per  cent,  for  the  stationary  boiler,  and  3J  per  cent,  for  Ijie 
Dcomotive.  On  page  578  the  figures  relating  to  the  loss  due  to 
•diation  for  engine  240  must  be  incorrect,  although  when  used 
•  printed  they  make  the  total  100  per  cent.  If  they  are  correct 
be  must  conclude  that  the  loss  due  to  radiation  in  one  locomotive 
■mst  be  15  times  as  great  as  that  of  another,  when  the  two  engines 
ire  working  undet*  about  the  same  conditions.  I  prefer  to  think 
Ibat  the  figure  given  for  engine  257  ae  loss  due  to  radiation, 
1}  per  cent.,  is  about  correct,  as  it  corresponds  closely  with  that 
ibtained  in  the  experiments  made  on  the  Chicago  and  North- 
pestem  road  in  1898,  on  boiler  coverings,  the  results  of  which 
given  in  the  proceedings  of  the  Western  Railway  Club,  VoL 
I  have  also  made  a  comparison  of  the  analysis  of  the  flue 
js  from  the  stationary  boiler  and  those  from  the  locomotive 
►7  (see  table),  and  it  is  surprising  to  see  that  they  are  almost 

Water  Tnbe.  LocomotiTe  880 

micdioxide,  CO, ;....     19.19  IS.W 

rg«n,  () 5.95  6.45 

monoxide,  CO 16  .68 

m 74.70  75.81 

100.00  100.00 

mtical,  especially  as  the  percentage  of  air  excess  is  given  as 
11.8  for  the  locomotive,  and  it  nmst  have  been  very  much  less 
for  the  stationary  boiler  working  under  much  lower  draft  in  the 
linmey.  It  is  also  surprising  to  find  where  the  analysis  of  the 
le  gases  are  so  nearly  identical  that  the  loss  due  to  the  products 
combustion  should  be  6.4  per  cent,  for  the  stationary  boiler, 
about  double  that  for  the  locomotive.  It  is  possible  that  the 
tathor  may  give  a  satisfactory  explanation  of  these  discrep- 
nries.  The  performance  of  these  locomotives  as  here  recorded 
llowH  that  they  were  not  in  good  working  condition,  and  they 
^  not  representative  of  the  best  American  locomotive  practice. 
?rom  an  inspection  of  the  diagrams  it  is  evident  that  the  valve 
notion  was  not  properly  adjusted,  and  the  draft  appliances  in 
he  front  end  could  not  have  been  of  the  most  approved  design. 
Hie  cards  show,  as  the  author  states,  that  the  cut-off  front  and 
lack  was  not  properly  equalized.  The  exhaust  line  is  especially 
ltd  and  shows  a  back  pressure  abnormally  high,  probably  double 
rhat  it  should  be  for  the  slow  speeds  under  which  the  engines 
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were  running.  This  high  back  pressure  was  probably  due  t 
causes:  first,  to  a  smaller  exhaust  nozzle  than  would  have 
necessary  \vith  a  properly  designed  draft  appliance;  and,  « 
to  the  lack  of  inside  clearance  in  the  valve.  It  is  also  e 
from  the  hump  at  the  middle  of  the  exhaust  line  that  an  e: 
base  similar  to  that  recommended  by  the  Master  Med 
Association  was  not  used,  and  this  back  pressure  could  have 
reduced  by  using  iV  ^^  iV  inside  clearance  in  the  valve  i: 
of  line  and  line.  I  place  some  importance  to  the  bad  eff 
this  high  back  pressure,  because  in  the  case  of  engine  : 
amounted  to  80  horse-power,  which  was  12  per  cent,  of  th( 
power  of  the  engine.  It  is  interesting  to  see  that  the  ratio 
space  to  grate  area  was  47  per  cent,  for  one  locomotive  a 
per  cent,  in  the  other,  a  difference  of  11  per  cent,  withoi 
perceptible  difference  in  the  economic  results.  Since  the 
ing  Valley  Railroad  has  consented  to  make  public  in  tlui 
the  bad  performance  of  its  engines  I  trust  that  the  same 
taking  care  which  has  been  used  in  making  the  experiment 
recorded,  has  given  to  that  company  some  valuable  suggest 
to  how  its  locomotive  performance  may  be  improved. 

Mr,  A.  Bement — I  do  not  think  it  proper  to  consider  all 
meters  as  unreliable.  One  type  I  have  found  to  be  quite  ace 
and  another  type,  used  extensively  in  waterworks,  is  certaj 
reliable  device.  i 

The  h(^t  loss  by  radiation,  etc.,  as  given  is  extremely  smj 
a  locomotive.  I  would  expect  it  to  be  greater,  and  am  ii 
to  belii»ve  tliat  there  was  more  moisture  in  the  steam  than 
by  the  sample  entering  the  calorimeter;  if  this  is  true  it 
decrease  the  officiency  and  increase  the  loss,  and  as  the  ra 
is  obtained  bv  difference  as  a  remainder  it  would  necessar 
pc^ar  larger,  ^[y  experience  is  that  it  is  difficult,  if  not 
sible,  to  got  an  average  sample  of  steam  into  the  calor 
and  -snth  boilers  worked  at  large  capacity  the  tendency 
moisture  to  appear  lower  than  it  is.  From  a  chemical  stai 
th(»  term  combustible  as  applied  to  the  fuel  minus  moist 
ash  is  not  correct,  because  the  constituents  are  carbon, 
sulphur,  oxygen  and  nitrogen,  the  latter  two  not  being 
tibles.  Ill  place  of  combustible  it  is  preferable  to  desi 
fuel  minus  moisture  and  ash  as  pure  coal;  therefore,  the 
of  evaporation  per  pound  of  combustible  would  necesi 
greater  than  per  pound  of  pure  coal. 
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Prof,  E.  A.  HitchcocJc,* — Mr.  Forsyth  calls  attention  to  the  dif- 
arence  in  radiation,  etc.,  for  engines,  as  he  supposes^  230  and  240. 
wish  to  say  that  those  values  were  not  on  dififerfent  engines,  but 
n  the  same  engine  as  the  statement  on  page  553  would  show,  that 
1^  that  the  trials  of  1903  were  made  on  one  locomotive  only, 
Srooks  No.  257,  there  being  a  misprint  in  inserting  the  tables, 
lowever,  the  point  raised  would  apply  under  the  actual  conditions, 
rhat  is,  the  figures  indicate  that  the  same  locomotive  has  fifteen 
imee  greater  loss  through  radiation,  etc.,  during  one  trial  than 
taring  another.  To  those  'who  have  had  e3q)erience  in  obtaining 
K>iler  heat  balances  it  is  not  at  all  surprising  to  obtain  that  dif- 
ference in  the  unaccountable  loss.  In  fact  I  should  not  consider  it 
remarkable  in  the  case  of  this  same  locomotive  working  under 
^Ttctically  the  same  conditions  on  two  trials,  to  find  in  computing 
ibB  heat  balances  that,  in  the  one  case,  the  radiation  loss  would 
eome  out  say  3  per  cent.,  and  in  the  second  place  come  out  say 
lero.  Fnder  such  conditions,  of  course,  we  would  not  conclude 
that  the  radiation  loss  for  this  same  locomotive  in  one  trial  was  of 
tn  infinite  number  of  times  greater  than  in  the  second  triaL 

Since  the  unaccountable  loss  in  the  heat  balance  is  obtained  by 
difference,  all  the  errors  due  to  observation,  sampling  of  coal  and 
refuse,  would  enter  into  that  factor,  and  one  may  expect  con- 
lUerablo  variation,  especially  in  locomotive  work  where,  on  the 
ff)a<l,  the  conditions  cannot  be  controlled  as  easily  as  in  stationary 
practice.  It  is  well  known  that  in  order  to  obtain  an  accurate 
Wler  heat  balance  the  most  difficulty  is  experienced  in  getting  a 
-air  8ani])le  of  the  coal  used.  This  would  also  apply  to  the  refuse. 
^*ow,  if  there  is  a  considerable  variation  in  the  sample  of  coal,  the 
alorific  value  as  obtained  by  the  calorimeter  would  vary  somewhat 
roni  the  tnie  value,  this  variation  at  once  producing  quite  a  per- 
entagei  of  variation  in  the  radiation  or  unaccountable  loss.  For 
xaniple,  compare  the  trials  referred  to,  made  on  locomotive  No. 
57,  where  the  radiation  loss  is  fifteen  times  greater  in  one  case 
ban  in  the  other.  If  in  the  second  case  the  true  calorific  value  of 
he  coal  used  was  not  18,304  but  was  13,100,  a  difference  of  only 
.2  per  cent.,  the  radiation  loss  would  then  be  increased  to  about 
I  per  cent.,  in  which  case  this  loss  would  have  changed  from  fif- . 
»en  times  to  1.3  times.  In  fact  under  certain  conditions,  in  the 
ise  of  a  locomotive,  I  should  not  be  surprised  to  see  the  radiation 


*  Author's  olosnre,  under  the  Rnleii 
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and  unaccountable  loss  come  out  a  minus  quantity  as  long  as  ^  I 
determine  this  factor  by  difiference,  containing,  therefore,  ill 
accumulated  errors. 

The  perccmtage  of  air  excess  is  not  entirely  dependent  upon  tl« 
draft,  so  that  if  in  a  locomotive  with  a  strong  draft  we  obtain,  u 
we  did,  an  air  excess  of  31.8  per  cent.,  it  does  not  neceasarilj 
follow  that  on  a  stationary  boiler  with  a  lower  draft  the  pereentap 
of  air  excess  would  also  be  lower.     This  does  follow,  howevei, 
where  all  conditions  as  regards  boiler  setting,  the  kind  and  chu- 
acter  of  coal,  and  the  method  of  firing  remain  constant,  but  in  the 
two  cases  compared  the  boilers  were  different,  the  coals  wew 
entirely  different,  condition  of  the  coals  different,  firemen  dif- 
fer(»nt,  and  the  thickness  of  fire  different. 

The  loss  due  to  products  of  combustion  alone  are  coonpntedl 
entirely  from  the  ultimate  analvsis  of  the  coal,  the  ash  and  the 
temperature  of  tli(>  escaping  gases,  the  analysis  of  flue  gases  sol 
(entering  in  any  way  only  in  cases  where  CO  is  formed.  Therefore, 
it  (loos  not  follow  that,  while  the  flue  gases  by  analysis  are  neailf 
identical,  \\w  loss  due  to  the  products  of  combustion  should  also 
be.  so.  The  reasons  why  in  the  cases  cited  the  loss  from  prodncti 
of  combustion  for  the  locomotive  boiler  is  nearly  double  tbat 
for  the  stationary  boiler,  is  because  in  one  case  Hocking  coal  mi 
used  while  for  the  other  Pocahontas.  This  fact,  however,  wooUj 
nuike  a  com |)ii rati v(»ly  slight  difference,  the  greatest  being  causei] 
by  the  (litfei-euce  in  flue  temperatures,  which  in  the  case  of  the  ata- 
tioiuirv  boiler  wns  409  degrees,  while  in  the  case  of  the  locomotiTl 
boiler  7()0.4  defrroes.  Consider  the  products  of  combustion  froffl 
lliv  locomotive  on  the  same  temperature  basis  as  in  the  stationaiy 
boiler,  and  we  would  have  the  air  going  to  the  ash-pan  at  a  tempera* 
t;.re  of  17-1  (le<;re<'s,  with  4I»1>  degrees  temperature  of  gases  out  of  ■ 
the  stack, or  m  ranp'  of  :}2r)degrees  instead  of  701.40.  The  locomo- 
tive shows  a  loss  of  Ijns  British  thermal  units  per  pound  of  coal, 
or  2..*5  Hritish  theruuil  units  per  degree  difference  in  temperature, 
which  if  workiu»r  through  a  range  of  326  degrees  would  mean* 
loss  due  to  products  of  combustion  of  747.5  British  thermal  units, 
or  5.0  per  cent. 
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No.  1033.* 

TESTING   LOCOMOTIVES  IN  ENGLAND. 

BT  MB.  CHUBCHWABD,  MB.  PBTTIOBBW  AND  OTBBB8. 

TESTING    PLANT    ON    THE    GREAT    WESTERN    RAILWAY 

AT   SWINDON. 

BT    MR.    o.    J.    cHrRCHWARD,  Member^ 
Locomotive  Saperintendent  of  the  Great  Western  Railway. 

The  Great  Western  Eailway  Co.  have  recently  put  down  in 
erecting  shop  at  Swindon  a  plant  for  testing  locomotiyes. 
nachine  consists  of  a  bed  made  of  cast-iron,  belted  on  a  con- 
foundation,  with  timber  baulks  interposed  for  the  lessening 
oration.  On  this  bed  five  pairs  of  bearings  are  arranged  to 
longitudinally  so  that  they  may  be  adjusted  for  any  centres 
leels  that  are  to  be  put  upon  the  plant  In  these  bearings 
arc  carried  hanng  wheels  fitted  with  steel  tires  on  wliich  the 
otive  runs. ,  These  axles  are  also  fitted  with  drums  on  which 
brakes  act  for  absorbing  wholly  or  in  part  the  power  devel- 
by  the  enp^ne.  Outside  these  band-brakes,  pulleys  having  an 
?h  face  are  provided  at  each  end  of  the  axle  for  driving  link- 
by  which  it  is  intended  to  transmit  the  major  portion  of  the 
r  developed  by  the  engine  to  air-compressors,  so  that  it  may 
e  wasted. 

The  hydraulic  brakes  will  then  only  absorb  just  enough 
r  to  enable  them  to  govern  the  speed  of  the  engine.  These 
»8  are  actuated  by  a  water-supply  from  an  independent  pump, 
►utlet  of  this  water-supply  being  throttled  either  by  a  stop- 
!  or  by  a  throttle  actuated  by  a  centrifugal  governor.  This 
p  device  enables  the  sj)eed  of  the  engine  to  be  set  at  any  re- 
?d  number  of  revolutions  and  kept  constant. 
The  carrying  wheels  arc  4  feet  1^  inches  diameter.  The 
*  bearings  are  14  inches  long  by  9  inches  diameter.  The  tire 
le  carrying  wheels  is  turned  to  approximately  the  same  section 
10  tread  as  the  rails  in  use  on  tlie  ( Ireat  Western.    This  plant  is 
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intended  not  only  for  tbe  purpose  of  scientific  experiment,  Imt  tbo 
for  doing  away  with  the  trial  trips  of  new  and  repaired  engines  a 
the  main  line.    It  has,  therefore,  been  necessary  to  make  it  npdh 
adjustable  to  take  engines  having  wheels  of  different  centres.  Tb 
main  bed  is  provided  with  a  rack,  and  each  pair  of  bearings  is  pio- 
vided  with  a  cross-shaft  having  a  pinion  at  either  end.    These  cro» 
shafts  are   driven  from  a  longitudinal  shaft  through  suitaUe 
clutches.    This  longitudinal  shaft  is  operated  by  electric  motor  ud 
is  capable  of  being  reversed.     The  engine  being  run  over  tk 
machine  on  an  elevated  frame  which  carries  it  on  the  flanges  of  iU 
tires  clear  of  the  carrying  wheels,  it  is  an  easy  matter  to  slide  these 
carrying  wh(*els  with  their  bearings  till  they  are  vertically  unde^ 
ncath  the  wheels  of  the  engines  to  be  tested.    The  frame  is  thei 
lowered  electrically  and  drops  Vhe  engine  into  position  on  thecan;- 
ing  wheels. 

4.  When  running  engines  on  trial  trips,  it  is  essential  that  tk 
bogie  and  trailing  wheels  of  engines  so  fitted  should  be  run  ai 
well  as  the  driving  wheels,  in  order  that  the  axle-boxes  may  tab 
a  good  bearing,  and  be  seen  to  be  in  satisfactory  condition  befon 
handing  the  engine  over  for  trafiic.    To  accomplish  this,  the  carry^ 
ing  wheels  are  all  coupled  together  by  a  suitable  arrangement  d 
belts  and  jockey  pulleys.    It,  therefore,  follows  that,  even  whent 
locomotive  having  a  single  pair  of  driving  wheels  is  run  on  the 
plant,  all  the  carrying  wheels  are  rotating  and  in  turn  run  the  hofft 
and  trailing  wheels  of  the  locomotive.     The  jockey  pulleys  ars 
necessary  to  retain  the  proper  tension  on  the  belts  when  the  bea^ 
ings  arc  moved  longitudinally. 

5.  Owing  to  the  varying  height  of  the  footplates  of  different 
classes  of  engine,  it  has  been  found  necessary  to  provide  a  firing 
stag(*  which  can  be  rapidly  adjusted  vertically.  A  large  coal  bunk 
ami  wei<iliin^  nuieliines  are  provided  in  connection  with  this  stage. 
Two  water  tanks  arc  mounted  on  the  same  platform,  for  measnr 
ing  the  water  used  when  running,  these  tanks  being  emptied  alter 
nately  when  a  consumption  test  is  being  made. 

6.  Under  the  platform  a  dynamometer  enables  the  drawba; 
pull  of  the  engine  to  be  taken,  and  this,  together  with  connters  « 
the  wheels,  will  enable  the  actual  drawbar  horse-power  to  b 
measured,  and  so  compared  with  coal  and  water  consumption  fo 
various  classes  of  engin(s.  As  engines  of  different  lengths  are  t 
be  tested,  and  of  neeessitv  have  to  be  fixed  at  the  trailing  end  \ 
the  dynamometer,  it  is  necessary  to  have  a  ftHdmg  chimney  f( 
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^rrying  off  the  steam  and  smoke  from  the  engine  when  running. 
This  has  been  provided  in  the  form  of  a  long  box,  having  a  steel 
plate  running  on  rollers  forming  its  lower  surface,  which  plate 
carries  a  large  bell-mouthed  chimney.  This  box  not  only  enables 
the  chimney  to  slide  longitudinally,  but  will  also  form  a  receptacle 
for  ashes  and  any  other  matter  ejected  by  the  engine,  which  will 
he  retained  and  can  be  examined  both  for  quantity  and  quality. 
•  7.  It  is  hoped  that  this  plant  will  enable  many  questions  of  the 
fektive  economy  of  different  classes  of  engines,  either  simple  or 
compound,  to  be  settled  definitely.  The  questions  of  superheating 
and  the  efficiency  of  various  forms  of  smoke-box  arrangements 
might  be  investigated  on  it.  The  effect  of  various  percentages  of 
balancing  can  be  investigated,  and,  in  fact,  any  of  the  experiments 
^hich  are  at  present  being  made  on  the  road  may  be  made  on  this 
pknt,  with  the  great  advantage  that  any  engine  which  may  be 
selected  can  be  placed  in  position  ready  for  testing,  and  all  con- 
nections made  in  a  time  probably  not  exceeding  an  hour. 

11.    MEASURED   TESTS  IN   SERVICE. 
Instruments  and  Results  Required  at  a  Test. 

BY  MR.  w.  F.  PETTioREw,  Member^ 
Locomotive  Siii)erintcndent  of  the  Furaess  Railway. 

8.  As  a  means  of  minimizing  the  working  expenses  of  railway 
working,  there  is  a  tendency  towards  greater  weight  and  length  of 
trains,  requiring  more  powerful  locomotives  than  formerly.  It 
is  necessary  to  use  every  precaution  in  designing  engines  which 
are  most  suitable  for  the  traffic  to  be  dealt  with,  so  that  the  great- 
est efficiency  may  be  obtained.  One  of  the  chief  items  in  the  loco- 
motive working  expenses  is  the  fuel  consumption,  which  makes  it 
most  important  to  have  a  complete  tc^sting  plant,  if  economical 
results  are  to  be  obtained.  Before  contracts  for  coal  are  accepted, 
samples  should  be  thoroughly  tested  as  to  their  relative  con- 
sumption and  cost.  In  making  engine  tests  the  coal  should  be 
carefully  weighed,  and  that  which  is  left  over  should  also 
be  weighed  and  deducted  from  the  total.  The  following  data 
should  be  obtained: — 

The  average  Boiler  Pressure  and  I.H.P. 
Amount  and  Temperature  of  Feed-Water. 
Temperature  of  Gases  leaving  smoke-box. 
Calorific  value  of  the  Fuel. 
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From  these  the  efficiency  of  the  engine  and  boiler  can  be 
It  is  also  necessary  to  know: 

The  percentage  of  asb. 

Pull  on  drawbar  by  dTnamometer. 

Load  in  tons. 

Number  of  yebicles. 

From  these  results  the  relative  consumption  and,  giv( 
prices,  tlie  relative  cost  per  consumption  can  be  calculated. 

9.  Indicators. — One  of  the  most  useful  instruments  con 
with  locomotive  testing  is  the  indicator  (either  the  Crosb; 
Innes  or  other),  which  if  properly  handled  shows  a  true  rec 
what  takes  place  in  the  cylinders,  enabling  any  errors  to  1 
rected  in  the  admission,  cut-off,  release  and  compression  of 
also  the  adequacy  of  ports  and  steam  pipes  which  may  cause 
waste  of  energy.  It  is  very  essential  that  the  valves  and  ] 
should  be  kept  in  good  order  and  all  losses  reduced  to  a  min 
Various  methods  for  communicating  the  motion  of  the  piston 
indicator  by  reducing  gears  are  adopted.  The  usual  metho 
have  a  pillar  carrying  a  lever  which  is  connected  at  the  low 
by  an  oscillating  lover  to  the  crosshead.  The  pipes  are  lee 
oach  end  of  the  cylinder  and  connected  by  means  of  a  thr< 
cock  enabling  diagrams  to  be  taken  from  each  end  of  the  cyli 
In  making  the  connections  to  the  cylinders,  care  should  be 
to  keep  clear  of  steam  ports  and  drain  cocks;  also  to  have  the 
well  la^ireti,  so  that  correct  diagrams  may  be  procured. 

10.  Tractive  Effort. — To  obtain  the  tractive  effort,  or  the 
exerted  in  hauling  any  given  irain,  the  dynamometer  car,  alt 
expensive,  is  the  most  useful.    The  car,  which  is  generally 
between  engine  and  train,  is  provided  with  the  necessary  api 
for  obtaining  a  coin])lete  record  of  the  actual  pull  on  the  dr 
the  si)eod  and  other  data.     From  this  information  the  ef 
horse-power  available  for  hauling  the  train  is  obtained, 
compared  with  that  given  by  the  indicator  cards,  gives  the  m 
ieal  offieiency  of  the  engine.     Various  other  methods  are 
for  obtaining  the  drawbar  pull,  either  by  means  of  a  hy( 
cylinder  or  springs.     In  the  former  the  cylinder  is  belted 
under  side  of  the  tx>nd(n*  frame,  and  the  space  at  the  end 
cylinder  filled  with  oil.  The  pressure  is  transmitted  from  the 
bar  through  th(»  iiKHlium  of  the  oil  to  a  gauge,  which  is  1 
on  the  engine  platfonn  in  view  of  the  attendant.    In  the  coi 
tion  of  the  hydraulic  cylinder,  great  care  should  be  taken  to 
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"iction  to  a  TninimTiTn.  The  records  which  may  vary  from  1  to 
)ns,  should  be  noted  at  regular  intervals,  and  if  proper  at- 
[)n  is  paid  very  accurate  results  may  be  obtained. 
.  Speed. — When  the  dynamometer  cars  are  not  fitted  with 
d  mechanism,  counters  may  be  used  for  the  purpose  of  regis- 
ig  the  number  of  revolutions  which  are  read  off  at  intervals, 
ough  for  fast  running  it  is  impossible  to  get  accurate  results. 
best  method,  therefore,  is  to  use  a  speed  indicator  and 
>rder,  an  excellent  type  being  the  Boyer  Kecorder,  which  is 
d  to  the  platform  of  the  engine  coupled  by  means  of  a  belt  to 
alley  on  the  leading  or  other  axle.  The  instrument  consists 
I  rotary  pump  forcing  oil  into  a  cylinder  producing  a  pressure 
endent  upon  the  speed  of  the  engine,  each  1-32  of  an  inch  rise 
responding  to  a  speed  of  one  mile  per  hour.  The  drum  is  pro- 
ed  with  a  roll  of  paper,  graduated  to  give  the  speed  and  distance 
celled,  so  that  the  speed  at  any  point  on  the  road,  the  number 
stops,  or  any  shunting  that  takes  place  can  be  seen  at  once. 
*  machine  is  also  connected  by  means  of  a  small  wire  to  a  gauge 
Jie  cab,  which  is  graduated  to  the  number  of  miles  per  hour, 
8  enabhng  the  attendant  to  see  the  speed  clearly.  It  is  neces- 
f  to  adjust  the  machine  to  the  mile-posts  along  the  line. 
2.  Feed-water. — To  measure  the  feed-water  various  methods 
in  use,  either  by  graduating  the  tanks  or  using  a  suitable  water 
*r.  The  former  is  very  often  done  by  passing  a  staff  through 
top  of  tank,  also  by  a  water-gauge,  one  serving  as  a  check  on 
other.  The  chief  difficulties  are  that  the  tender  must  be  per- 
tly level  before  the  readings  are  taken.  The  scale  is  graduated 
admitting  known  quantities  into  the  tank. 

•3.  AVater  inc^ters  of  the  SicMiicns,  AVortliin.uton  or  other  kind 
'  very  reliable  results  if  pro|>erly  connected.  The  gauge  is 
duated  to  register  the  quantity  in  cubic  feet  as  the  water  is 
^^d  out.  As  a  protection  to  the  meter,  a  back-])re8sure  valve  is 
'H  placed  between  the  meter  and  tlie  injector  to  prevent  blow- 
hack.  To  obtain  the  exact  evaporative  power  of  the  boiler, 
'plcte  records  of  feed-water  temperatures  and  the  water  wasted 
tlic  injector  overflow  should  be  taken. 

^'  Temperatures^  Vacuums,  etc. — It  is  also  necessary  to  obtain 
^'aciuuus  in  smoke-box  at  the  base  of  ehiuinev,  level  with  top 
)Iast  pipe,  middle  of  nest  of  tubes,  also  ju'cssure  in  firebox  and 
pan.  The  apparatus  generally  used  consists  of  a  U  tube  mount- 
t^n  a  graduated  board,  one  leg  being  connected  by  a  pipe  to 
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the  point  where  the  vacuum  is  to  be  determined  and  the  oil 
left  open  to  the  atmosphere.  Temperatures  are  also  taken  d  * 
smoke-box  gases,  which  register  from  400  to  700  degrees  Fa 
A  mercurial  thermometer  may  be  used  for  temperatures  up 
670  degrees  Fahr.,  beyond  this  a  pyrometer  or  thalpotasinK 
is  necessary.  To  determine  the  quality  of  the  steam,  thrott] 
calorimeters  are  sometimes  used. 

15.  Coal. — The  coal  measurement  is  a  veiy  important  fac 
The  tender  should  be  cleared  off,  and  the  coal  to  be  tested  caref 
weighed  before  tipping  on  to  the  tender ;  or,  better  still,  the 
should  be  put  in  bags  each  of  1  cwt.  capacity.    On  completi(»i 
the  trial  the  coal  left  is  weighed  off  and  deducted  from  the  U 
The  quantity  used  for  lighting  up  should  be  carefully  noted. 
temperature  of  water  in  boiler  at  the  time  of  lighting  up,  alfl 
the  drawing  fires,  actual  running  time,  and  time  standing  ab. 
be  noted.     When  the  fires  are  drawn,  the  ashes  from  the 
box,  ash-pan  and  smoke-box  are  each  weighed  separately  to  ol 
the  percentage  of  ash.     Samples  are  also  taken  for  calonDC 
tests  for  obtaining  the  calorific  value  of  each  fueL    The  ave 
boiler  pressure  taken  at  regular  periods  and  steaming  qnal 
should  bo  noted,  as  bad  steaming  coal  with  thin  close  clinker 
cause  serious  delays  to  traffic,  owing  to  the  frequent  deanixi 
fires.    It  is  sometimes  necessary  to  make  complete  analysis,  o 
to  the  injurious  action  of  some  coal  on  the  fire-box  plates. 

ResiUta  Required  in  the  Tetting  of  LoeomoHvei. 

Mean  boiler  pressure,  throughout  journey. 

Total  coal  used  (exclusive  and  inclusive  of  lighting  up). 

(*on1  })iirDt  per  hour  (running  time  and  Journey  time). 

Coal  burnt  per  square  foot  of  grate  area  per  hour  of  running  time  ai 

journey  time. 
Coal  burnt  per  I.II.P.  per  hour  running  time  and  joamey  time. 
Coal  burnt  per  train-mile,  engine-mile,  ton-mile,  and  per  lb.  poll  on  dn* 

I>er  mile,  also  per  hour. 
Calorific  value  of  1  lb.  of  coal  in  B.T.U. 

Aslics  in  smokebox,  in  ash-pan,  in  fire-box,  total  and  percentage. 
Total  water  evaporated. 

Water  evaporated  ]H'r  hour  running  time  and  jonm^  time. 
Water  evaporated  per  s(juare  foot  of  total  heating  surface  per  hoar,  ^ 

running  time  and  journey  time. 
W^ater  evaporated  per  I.H.P.  per  hour  mnniftg  time. 
Water  evaporated  per  train-mile  and  per  engine-mile. 
Water  evaporated  per  lb.  of  coal,  excluslTe  and  inclnalye  of  lifting  aP- 
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^■ter  evaporated  per  hour  (from  feed  temperature  and  eqaivalent  from 

and  at  212**  F.). 
MtriTnam  I.H.P. 

Mean  IH.P.  calculated  from  indicator  cards  from  work  done. 
Gvre  of  H.P.    (Mean  height.) 
Miximam  speed. 

Mean  speed  (exclusive  and  inclusive  of  stops). 
Actual  running  time  and  journey  time. 
Train  and  engine  miles. 
Time  from  lighting  up  to  taking  out  fire.. 
Temperature  of  water  in  boiler  at  time  of  lighting  up. 
Maximum  and  mean  vacuum  at  base  of  chimney. 
Maximum  and  mean  vacuum,  level  with  top  of  blast  pipe. 
Maximum  and  mean  vacuum  at  middle  of  middle  row  of  tubes. 
Muimum  and  mean  pressures  through  fire-hole  door. 
Maximum  and  mean  pressures  through  ash-pan. 
Haximum  and  mean  temperatures  of  smoke-box  gases. 
Efficiencies  of  engine,  boiler,  and  engine  and  boiler  combined. 
Maximum  gradient. 

Coal  stated  includes  that  used  whilst  standing  for  (— )  hours. 
Muimum  and  mean  pull  on  drawbar. 
Maximum  and  mean  load  hauled  in  tons,    exclusive    of   engine,    tender, 

passengers,  and  luggage. 
Maximum  and  mean  number  of  vehicles  hauled. 
Maximum  and  mean  number  of  journals. 
Mean  load  per  journal. 

^k  pressure  at  maximum  I.H.P.  and  at  maximum  speed. 
H»t  (in  B.T.U.)  carried  away  by  the  products  of  combustion. 
Heat  expended  in  evaporating  the  water. 
Heat  lost  by  radiation,   imperfect  combustion,    and    evaporative    moisture 

in  coal. 
Heat  converted  into  work  per  minute. 
Heat  taken  up  by  the  feed -water  per  minute. 
wUtive  consumption  of  coal  based  on  pull  of  drawbar. 

I.H.P. 
ton-mileage. 

"  '•        **  '*         calorimeter  testa, 

^lative  value  of  coal  =  Relative  consumption  multiplied  by  cost  per  ton 
delivered. 

^e  results  obtained  should  all  be  shown  graphically  by  means 
f  diagrams,  which  should  give  the  profile  of  the  line  run  over. 


III.  OTHER  METHODS  OF  TESTING. 

16.  Several  locomotive  superintendents  have  written  to  the  In- 
^hition  describing  their  methods  of  testing  locomotives  in  actual 

■f^ice. 

89 
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17.  Mr.  John  F.  M'lntosh^  of  the  Caledonian  Railway,  writi 
— "  I  have  yours  of  27th  ult,  and  beg  to  inform  you  that 
have  no  fixed  locomotive  testing  plants  properly  so  called,  unl< 
a  10-mile  gradient  of  1  in  75  may  be  classed  as  such.  All  o 
tests  have  been  confined  to  those  taken  in  actual  running.  In( 
cator  diagrams  are  taken  from  both  cylinders  simultaneously  i 
intervals  of  one  minute,  the  times  being  given  by  an  observer  i 
the  cab  working  the  whistle. .  The  Tabor  indicator  is  used.  Th 
number  of  revolutions  is  taken  at  the  same  times  from  the  revc 
lution  counter  connected  to  the  crosshead.  The  steam  pressure  ii 
boiler  and  valve  chest,  the  opening  of  the  regulator  and  poadon 
of  reversing  lever  are  all  noted  at  one-minute  intervals.  The  quan- 
tity of  water  used  is  measured  at  all  stopping  places  by  meitf 
of  a  gauge  rod,  the  depth  being  afterwards  read  off  in  galloM 
from  a  table.  The  coal  is  weighed  when  placed  on  the  tender,  the 
remainder  being  again  removed  and  weighed  after  the  trip.  la 
addition,  and  in  order  to  check  the  speeds,  the  times  of  paadog 
all  stations  are  taken,  and  also  all  signal  checks. 

18.  "  Tests  of  this  kind  are  made  under  difficult  conditions  for 
the  observers,  and  it  is  therefore  more  difficult  to  obtain  accunle 
results.  At  the  same  time,  these  are  the  working  conditions  for 
the  engine,  and  these  conditions  are  simply  unobtainable  in  a  fixw 
testing  plant." 

II).  Sir  Douglas  Fox  static  that,  for  the  every-day  testing  oJ 
\\i\\y  loconiotivi's,  friction  rollers  are  used  by  one  or  two  of  oui 
largest  locomotive  builders,  but  they  are  not  fitted  with  brakes 
and  th(dr  sole  and  only  object  is  to  enable  an  examination  of  tin 
moving  parts  of  the  locomotive  to  be  made,  the  engine  itself  le 
niaining  stationary.  The  main  object  in  testing  a  locomotive  i 
to  detect  mechanical  defects,  to  see  that  ample  clearances  ar 
allowed,  and  generally  that  the  engine  is  in  a  good  workable  cob 
dition.  As  to  what  horse-power  is  developed,  what  the  pull  on  th 
drawbar  is,  how  imich  coal  and  water  is  used,  the  amount  or  vo 
unio  of  air  admitted,  temperature  of  smoke-box  gases,  etc,  etc 
no  obser\'ations  are  taken.  These  are  data  that  must  be  obtaine 
by  persons  who  are  specially  appointed  to  undertake  this  class  c 
work,  and  who  have  unlimited  time  and  appliances,  and,  above  aJ 
are  not  having  endues  built  under  contract  No  doubt  a  testiu 
plant  will  p:ive  a  considerable  amount  of  information,  but  a  loc< 
motiv(^  is  subject  to  such  varying  conditions  of  vnnd  and  weath^ 
condition  of  rails,  uneveness  of  road,  which  are  all  absent  in 
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7  wanned  and  ventilated  laboratory,  that  all  results. thus  ob- 
d  are,  in  a  measure,  only  comparative. 
.  Mr.  T.  Huny  Riches,  of  the  Taff  Vale  Railway,  wrote  that 
16  locomotive  departments  of  the  larger  railways  had  elaborate 
3  fitted  \v'ith  machines  for  testing  materials  used  in  the  con- 
ition  of  locomotives.  The  Great  Western  Railway  and  the 
it  Eastern  Railway  had  carried  out  a  good  many  tests  on 
notives  as  well  as  on  material.  He  himself  had  given  special 
ition  to  the  testing  of  springs  and  had  erected  a  powerful 
line  for  this  purpose. 

lie  following  recent  references  to  locomotive  testing  may  be 
iterest : — 


Mecb.  E. 


Date. 


1893. 


jineerlng.'*    9/4/97. 
5/11/97. 


It 


It 


Mech.  E. 


1  1  /98. 


1898. 


fineering."    7/7/99. 


It 


25  1/01. 
May  1903. 
Mccb.  E.         1904. 


It 


Pages.  Remarks. 

r  Experimeots  on    the  Draught  pro- 
<     daced  in  different  parts  of  a  Loeo- 
'     motive  when  runuing  (Aspinall). 
Locomotive  Tests  (Bryan  Donkin). 
j  Report  of  Tests  at  Purdue  Universitj 
j     (Sir  Douglas  Fox). 
j  Locomotive  Performances  on  L.  and 
(     N.W.R. 

j  Express    Locomotives    (President's 
(     Address). 
Non-stop    run,  Euston    to    Crewe 
Dynamometer  record  with  special 
train. 
Ijocomotive  Boiler  Tests  at  Purdue. 
637,  660,  693.  Tests  of  lioiler  at  Purdue  University. 
—  Discussion  on  Paper  by  M.  Sauvage. 

Dynamometer  and  measured  trials 
in  France,  and  on  the  London  and 
Nortli  Western,  the  Midland,  sod 
the  North  Eastern  Railways. 


109. 
404. 

Out). 

30. 
605. 

21. 
104. 


DISCUSSION. 


fr.  T.  r.  lieay, — An  apj^aratus  for  tryinp^  four-wheel  coupled 
11  en<rino8  was  orocttnl  at  Airsdah^  Foundry,  Leeds,  in  the  year 
fi.  (It  consisted  of  a  framework  on  wheels  suited  to  a  4  foot 
nch  gau^o,  so  that  the  whoh^  aj)i)aratU8  could  be  put  upon  the 
mary  linos  and  readily  removed  from  place  to  place.)  On  the 
of  the  framework  which  was  made  with  a  clear  space  between 
-OS,  6  feet  wide,  insicU^  bearin<rs  were  placed  which  carried 
axles  \\dth  rollers  upon  them.    Th(»se  rollers  had  a  diameter  of 
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2  feet,  and  could  be  set  at  any  gauge  on  the  axles  from  2  feet  to 
5  feet  6  inches,  and  the  axles  themselves  could  be  placed  at  centers 
varying  from  3  feet  to  9  feet.  Bearings  were  arranged  close  to 
e^ch  roller.  They  were  carried  on  cross  girders  and  could  slide 
across  their  supports  to  any  necessary  position. 

In  the  center  of  one  driving  axle  was  a  brake  pulley  with  a  strap 
and  a  long  lever  suitable  for  measuring  the  brake-power  employed. 
On  the  sliding  bearings  bent  plates  were  firmly  fixed  to  rise  as 
guards  above  the  contact  surface  of  the  tram-wheel  and  the  roller, 
in  order  to  prevent  a  runaway. 

For  the  purpose  of  gaining  further  security  a  big  casting  was 
attached  to  the  back  with  a  slot  hole  in  it,  so  that  a  connection 
could  readily  be  made  to  the  draw  gear  at  any  height. 
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APPENDIX  IV.    TO  SIXTH  REPORT  OF  THE 
ALLOYS  RESEARCH  COMMITTEE. 

THE   EFFECTS   OF   STRAIN  AND  OF  ANNEALING 

IN  Aluminium,  Antimony,  Bismuth,  Cadmium,  Copper,  Lead, 

Silver,   Tin,  and  ZiNC.f 

BV   DR.    WILLIAM  CAMPBELL, 

Barnard  Fellow  of  Columbia  University,  New  York, 
late  of  the  Royal  School  of  Mines,  London. 

1.  Since  the  introduction  of  the  microscope  in  the  study  of 
'tals  and  allovs  a  great  deal  of  work  has  been  done.  Iron  and 
?el  have  received  by  far  the  greatest  attention,  due  to  their  great 
iportance.  The  crystalline  structure  of  iron  and  steel  has  been 
refully  worked  out  by  Stead,t  Osmond§  and  many  others;  that 
gold  by  Arnold,'!  Andrew8,*[and  Roberts- Austen  and  Osmond;** 
liilst  the  effects  of  strain  have  been  studied  by  Ewing  and  Rosen- 
iin.+f  For  a  bibliography  the  reader  is  referred  to  the  "  Metal- 
grapliist;^  vol.  I  (180S),  page  168. 


*  Presented  at  tlie  Cliicago  meeting,  May  and  June,  1904,  of  the  American 
H'ioiy  of   Mechanical  Engineers,  and   forming  pait  of  Volume  XXV".  of   the 

\  \VA\\\r  u  summary  of  various  Papers  handed  in  by  Sir  William  Roberts- 
isten  in  ()ctol.er.  19()1. 

\  "Oystalline  Structure  of  Iron  and  Steel,"  Journal  Iron  and  Steel  Institute, 
^.  Part  I. 

^  Bulleiin  de  In  Societe  d'Encouragement  pour  I'lndustrie  Nationale,  1895  on- 

ards. 

I"  Influence  of  Small  Quantities  of  Impurities  on  Gold  and  Copper,"  J.  O. 
fnoldandJ.  Jefferson.  "  F:ngineering,"  7  February,  1896. 

Microscopic  Structure  of  Hold  an<l  (Jold  Alloys."  *'  Engineering,"  30  Sep- 
■n»lH'r.  2S0clober,  and  9  December.  181>S. 

^J'n  the   Structure   of   Metals  ;     Its   Origin    and    Causes,"    Pbilosopbical 
f*nHactions.  Hoyal  Society,  1890,  vol,  clxxxvii. 

y  "The*  Crystalline  Structure  of  Metals,"  Philosophical  Transactions,  Uoyal 
'^'*'^^  vol.  ciciii,  page  35:J. 


600  THE   EFFECTS  OF  STRAIN  AND   OF  ANNEALING. 

2.  In  this  Appendix  the  structures  found  on  the  surfaces  of 
small  ingots  and  buttons  have  been  studied  in  the  ease  of  tie 
metals  aluminum,   antimony,   bismuth,   cadmium,   copper,  gold, 
lead,  platinum,  silver,  tin  and  zinc. 

3.  In  order  to  secure  a  clean  surface  the  metals  were  care- 
fully skimmed  during  casting  by  means  of  a  small  piece  of 
charcoal  held  over  the  mouth  of  the  crucible.  When  cold  tie 
ingot  was  examined  under  the  microscope.  In  mo6t  cases  a  den- 
dritic structure  characteristic  of  the  metal  was  found  at  one  or 
more  places  on  the  surface.  By  etching  with  dilute  acid  the  dif- 
ferences in  orientation  of  the  granular  crystallization  of  the  metal 
were  shown  uj).  Deeper  etching  in  most  cases  revealed  the  stnie 
ture  of  the  grains  or  primary  crystals  themselves.  It  was  often 
found  that  casting  a  thin  sheet  of  metal  on  a  flat  stone  slab  helped 
to  show  up  th(^  (h^ndritic  structure.  In  some  cases  castinp  "^ 
performed  on  a  flat  iron  surface  to  produce  more  rapid  cooling. 

4.  The  effect  of  slight  strain  was  observed  by  examining  the 
surface  of  a  small  bar  or  ingot  after  bending  to  a  slight  angle  ttd 
straightening  again. 

5.  The  effects  of  great  strain  were  found  on  examining  tie 
structures  of  ingots,  etc.,  after  hammering  or  rolling.  In  the  cue 
of  cadmium,  lead,  tin  and  zinc,  the  metal  was  rolled  or  hammered 
out  into  thin  strips  and  its  structure  examined  after  etching. 

<).  Aniiciilinf^  was  ]>('rfornied  by  heating  the  strips  or  sheet  of 
metal  in  an  air  bath  or  on  a  hot  plate  at  a  temperature  of  200 
degrees  Cent.  (302  degrees  Fahr.)  or  imder.  The  specimens  weie 
ctrluMl  and  cxaniincd,  and  the  effects  of  annealing  observed. 
AVhoro  sections  were  made  the  specimens  were  cut,  filed,  i»d 
sniootlu'd  down  on  Xos.  0  and  00  commercial  emery  cloth,  then 
rnhhid  (»n  French  cnierv  j)apers  0  to  0000,  and  final^  polished 
with  broadelotli  and  ronge.  A  motor-driven  revolving  table  v» 
used,  with  intcrclump^oable  discs  to  which  the  various  pohaliinf 
clotlis  and  j>ap('rs  were  attached.  The  method  of  photographiflj 
the  varinns  striietnres  has  already  been  explained.* 

7.  In  tlie  ease  of  verv  soft  metals  such  as  lead  and  tin,  aw 
al>o  mF  tile  s()fl(»r  all()ys,  threat  eare  has  to  be  taken  when  pofei* 
i]i^  a  section.  Jf  too  inneli  pressure  be  applied  the  metal  tends  to 
spread  an<l  fonii  a  film  over  the  surface  of  the  section.  Ag^ 
when  a  soft  metal  or  all(»y  is  cut  with  a  file,  there  is  a  tendeiKf 


*  T*ri)cee<lin^'s,  1901,  page  1249. 
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)r  particlps  to  stick  to  the  file  and  tear  a  surface  of  the  scdion. 
ifter  the  polishing  has  been  completed  and  the  metal  etched,  long 
arallel  lines  of  irregular  grains  or  crystals  are  found  as  the  result 
f  the  strain  on  the  surface.  On  cutting  with  a  yaw  a  similar  crys- 
nilization  is  developed,  and  unless  the  metal  thus  modified  is  re- 
uoved  during  grinding  and  polishing,  this,  crystal lizatiou  due  to 
train  appears,  on  etching,  along  with  the  origiual  structure  of  the 
iietal.  Of  course  the  new  structure  is  only  on  the  siirface,  and  can 
lenerally  be  obliterated  by  deep  etching,  but  it  shows  that,  even 
inder  slight  pressure,  metals  and  alloys  will  rearrange  themselves. 
In  the  following  examples  the  illumination  is  vertical  unless 
thenvise  stated. 

Aluminium. 

S.  If  a  bar  of  commercial  aluminium  be  examined  depressions 

■ill  be  found  on  the  surface  at  those  points  where  the  metal  has 
'iliiiitied  hist.  In  these  depressions  are  seen  niimbers  of  den- 
rites  of  characteristic  form,  passing  gradmiily  into  the  normal 
Taiuilar  structure.  On  the  sides  and  base  of  ihc  bar,  where  it  has 
ooW  in  contact  with  the  mould,  dendritcii  of  a  peculiar  leaf- 
ke  fonn  are  seen  standing  up  above  the  surface,  being  the  first 
oinls  of  solidification. 

9.  The  stnicture  of  aluminium  can  best  be  examined  when  the 
letal  has  been  cast  upon  a  smooth,  cold  surface.     In  this  way  the 

Iinje  series  of  strnctiires  from  grains  to  dendrites  can  be  found 
II  the  \m:>v  of  the  metal. 

10.  Fig.  ^01,  X  -'!"  diameters,  vertical  illuTiiinatinn,  shows  the 
sual  granular  structure.  The  metal  was  cast  upon  n  polished 
'on  surface,  and  was  ^yr-inch  thick.  Tho  view  is  of  the  base, 
iliicli  cooled  in  contact  with  the  iron  surface. 

11.  Kig.  :;0:>,  X  'W  diameters,  shows  a  similar  surface  from  a 
'iecc  of  metal  fVn-inch  thick.  In  this  case  the  grain  surfaces  are 
"vcrcl  Willi  very  fine  markinfis.  which  are  found  to  be  the  out- 
inrs  of  the  dendrites  or  skelntmis  wliieli  build  up  each  grain, 

Iii.  Kig.  -^tr.],  X  -if  diiniu'ters,  fmru  a  piece  of  metal  I'lftF-inch 
liifk.  sji.iws  a  step  further  itl  the  development  of  the  dendritic 
■Inidiire  whicji  is  now  pronoum-cd.  In  tbe  centre  can  be  seen  a 
h'Tidrile  of  cubic  form,  wliilst  iiniuoi!  it  are  seen  numerous  forms 
■l"iifriil.M[  in  llw  din-eliim  .if  lli.'ir  -rowlh.  for  the  .'entral  dendrite  ' 
linilpvJdrTLlly  been  a  centre  .if  .■rvstidlii^iili..n. 

la.  i'igy.  :;U4  and  20J,X'!<-l  HiiiiH.hi'-.  taken  from  the  base  of  a 


adittian 
liiu  hu^  , 
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jtiece  of  metal  ('ifj-iiich  thick,  are  in  contrast  with  tlic  above  ] 
\v(!  see  a  very  Hue  granular  structure,  because  the  crvsUd  | 
liifs  jrrown  jicrpciiiliciilar  to  the  surface.    These  ar<>  the  a 
crv^itals  or  grains  nf  Andrew's  (and  Arnold),  and  possess  a  <l 
orjcntati'in.     In  T'ig-  -05  several  of  these  secondiirv  gruiiu  I 
jrrinvii  tr)  a  cousiilerahle  size.     They  stand  out  above  the  s 
having  Ijccn  the  first  to  solidify. 

l.'i.  In  t'ig.  liOli.X-'O  <lianieters,  the  maximum  dcvelopmd 
the  di-ndritic  ntnietnre  is  obtained.     The  speeimen  vraa  c 
stone,  and  tlie  view  is  of  the  surface.     The  rate  of  freezii^^ 
been  iiiuch  slower  tlian  that  of  any  of  the  above  examples.    ^^H 
dendrites  are  conijioged  of  two  axes  at  right  angles,  and  as  a  n^f 
only  one  i|nuilrunt  of  the  dendrite  has  reached  perfci.'t  devi>]ii|| 
nient.     On  etching  and  examining  by  oblique  ilhimination,  ii 
s(;en  that  the  dendrites  fonu  the  skeletons  of  the  granular  fl 
ttire.  an  in  tlie  previous  examples. 

I.').  Fig-  -"~f  X  12  diameters,  oblique  illumination.     If  a 
ingot  of  tlie  metal  he  cast  and,  when  partly  solid,  the  remaj 
li(|ui<l  Iw  t-arefullv  jxmred  off,  the  internal  structure  is  laid  I 
Tliis  Kig.  shows  the  surface  of  such  an  ingot.    Three  Im 
lu-  i-rvstiils  arc  seen,  anil  each  is  built  up  of  numeri>us  small  c 
siNiihirly  iu-ien(i-il  in  the  same  grain.     Under  a  higher  i 
licin,  eai'Ii  eiiijc  is  found  to  be  built  up  of  very  small  grains -I 
;i  ilUiirx-t  iM'iciitiitioii.    These  are  the  tertiary  grains 

Hi,   When  a  ]>i"ee  of  aluminium,  shomng  the  granular  stn 
tit"  Fi^'.  L'Oi,  is  crclicil  lifihtjy,  numerous  small  pits  are  eatoa 
Ihi-  -iLilaee  sli.iws  a  structure  similar  to  Fig.  202.     ru.lcr  a  hjj 


|...wi-  ih,-.  |,ii-  are  .em 

to  have  a  definite  orientalion,  Init ! 

-lini"-  is  indefinite  jin.l  <.hs 

..■ure.  though  it  seems  prolmble  tb« 

('[('hiti^i  Willi  »  siiiluiJe  s(.l 

vent  they  may  be  found  to  he  eiila 

[7.\Vh<-„„|'i'—'l'al' 

iiiiiiiiuin  is  strained,  huitltoub  sU[i  1 

iiiv  f..nrie.i.     Sn  far  u.,  \, 

n.inl  bands,  denoting  parallel  twin 

as  tin-  n-Milt  of  siniin.  lur 

v<!  been  observed.     These  slip  UnM 

i.tl    pandlel    t.,  smnr   on.- 

..r  HKirc  definite  directions,  whid 

l..illiv,M-r.-UVrr..l.-.TV.'.i 

t.p  he  at  an  angle  of  45  ileprees  witl^ 

uM's  „!'  rl„-  <!<-n<lrit.-  ..f  tli. 

■  .srain  ;  this  would  coincide  \rith  a 

hI>1i'   rU:,v:,-.-   [mriltel    1o 

the   faces  of  the  octaheilron.      S« 

>rrjiiiiiti4;  hii.l-  In -],..«■  ii; 

1  til.'  ^^ranular  structure,  as  was  pn 

-Mil  liy  Cliariiy  iin.l  l>y  F.wi 

ng  iiml  Kosenhaira. 

l^.    Fiir.  :;(i.-.  X  .-.  .linn 

I'lers,  oblitpie  illumination,  ehows 

h:i~.'  .4  a  |)ieee  .if  Mliiniin 

iuiii  east  on  iron  and  severely  strain*^ 
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19.  When  aluminium  is  hammered  or  rolled  out,  the  lai 
grains  are  broken  up  and  the  structure  becomes  very  fine.  It 
extremely  difficult  to  resolve  this  structure  where  rolling  has  p; 
dnccd  a  very  thin  slieet  or  strip,  because  here  we  are  apparent 
dealing  with  grains  which  have  been  elongated.  The  metal 
very  difficult  to  etch.  On  annealing,  the  metal  loses  most  of ; 
elasticity  and  becomes  limj).  Crystals  apparently  grow,  as  in  tl 
case  of  lead,  tin,  zinc,  etc.,  but  as  bc^fore,  the  structure  is  extreme 
difficult  to  bring  out  by  etching.    Further  work  is  necessary. 

A)di7)wny. 

20.  The  beautiful  stars  met  with  on  the  surfaces  of  large  i 
gots  are  too  well  known  to  need  describing.  When  a  small  ing 
is  cast  and  etched  it  is  seen  to  possess  the  granular  structure  eoi 
nion  to  most  metals.  Deep  etching  reveals  the  diflFerence  in  o: 
entation  of  t\w  primary  crystals  which  are  seen  to  be  built  up 
secondary  grains. 

iM.  A  ])iece  of  large  ingot  was  examined  and  the  surface  ^v 
found  to  b(;  covered  by  comparatively  small  dendrites  composed 
two  main  axes,  often  at  right  angles.  From  each  axis  gi*ow  par 
Icl  branches  composed  of  clublike  secondary"  grains,  resembli 
those  of  bismuth. 

'22.  Wli('?i  fracturcMl,  f(mr  marked  cleavages  are  found.  T 
most  ])('rfoct  is  basal.  The  three  others  intersect  each  other 
the  basal  ]»lane  at  an  angle  of  approximately  60  degrees,  and  nw 
Avirli  tliat  basal  j)laiH'  an  angle  of  over  140  degrees. 

2'j.  When  a  small  cleavage  fragment  is  examined  perpendi* 
larly  t<>  tlic  basal  plane,  the  effect  of  the  three  other  cleavages 
to  j»i'<)(Iiu'('  iiunicrous  triaiigular  pits  at  their  intersections.  Wh 
only  two  of  tlio  cleavages  show,  a  beautiful  rhomboid  effect 

jirmllUMMl. 

2\.  Ill  many  cases,  very  line  slip  bands  or  parallel  twinni 
wa-  ii"iic('l  ami  in  a  ba-al  fragment  this  was  parallel  to  the  thi 
c!ca\ai:<--^. 

!':».  W'licn  -itiall  im:'<'l<  were  ca<t,  the  surface  was  usuallv  foil 
1-1  lie  V'  vy  ]-(>iii:]i,  tin*'  io  tli(>  fermation  of  oxide.  On  examini 
ilic  ha-c,  liowevcr,  niiiiK-rons  v(-ry  small  characteristic  dendri 
\\(  !(•  {""niKi.  ( )n  eichinii,  ilic  granular  structure  was  verv  iii 
bill  cacli  grain  was  comjxxed  of  only  a  very  few  secondaries. 
oilier  wdi'ds,  the  j)riniaiy  crystallization  is  small  whilst  the  s< 
ontlar\-  is  comparativelv  lariic     it  was  noticed  tliat  the  nearer  t 
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?enter  of  the  ingot,  where  the  metal  was  poured  in,  the  smaller 
was  the  crystallization.  Again,  under  vertical  illumination,  by 
far  the  greater  part  of  the  field  is  bright  and  all  the  bright  prima- 
ries run  into  each  other.  This  is  apparently  connected  with  the 
fact  that  a  fracture  shows  a  marked  columnar  structure  perpen- 
dicular to  the  cooling  surface. 

26.  As  the  metal  is  so  brittle,  straining  produces  fracture  al- 
most immediately  the  ingot  is  bent.  On  examining  the  metal  in 
the  region  of  a  fracture  only  a  few  traces  of  slip-bands  could  be 
seen  on  the  surface.  They  were,  in  most  cases,  parallel  to  the 
line  of  fracture.  In  tlie  case  of  a  large  commercial  ingot,  a  fine 
development  of  parallel  slip-bands  was  found  amongst  the  den- 
drites on  the  surface  in  the  region  of  fracture.  Three  systems 
Were  seen.  One  was  parallel  to  the  direction  of  one  of  the  axes 
of  the  dendrite,  the  two  others  making  angles  of  approximately 
60  degrees  and  120  degrees  with  it.  These  slip-bands,  as  before, 
were  found  to  be  parallel  to  the  cleavages  of  the  antimony. 

27.  When  antimony  is  broken  by  a  sharp  blow,  the  fractured 
surface  shows  a  distinctly  radial  structure,  the  lines  radiating  from 
the  point  of  impact.  Under  the  microscope  this  structure  is  seen 
to  follow  the  true  cleavage  in  minute  steps,  which  are  so  small  that, 
to  the  eye  alone,  the  cleavages  seem  to  have  been  suppressed. 

B{s7nuth. 

2s.  The  nuirkedly  crystalline  structure  of  bismuth  is  well 
shown  when  a  crucible  of  the  metal,  with  a  trace  of  tin  or  lead, 
is  allowed  to  solidify  on  the  surface  and  the  remaining  liquid 
mil  off  through  a  hole  in  the  side.  The  under  surface  of  the 
crust  is  seen  to  be  composed  of  many  hopper-shaped  skeleton 
cubes.  These  have  a  definite  orientation  and  are  the  secondary 
cTvstals. 

2I>.  Fiir.  1^00,  X  '^0  diameters.  If  a  small  ingot  be  carefully  cast 
so  as  to  give  a  clean  surface,  nuiuerons  characteristic  dendrites 
an-  seen.  This  Fig.  shows  such  <len(lrities.  Two  generations  are 
seen:  the  large  more-or-less  parallel  bands  forming  the  large 
frranuhir  struetiire  of  the  ingot,  aii<l  the  finer  dendritic  structure 
which  in  ])laees  builds  uj)  eh»nuat('(l  secondary  grains.  When  a 
slowly  cooled  button  of  the  metal  is  (lee|)ly  etched  the  difference 
in  orientation  of  the  large  grains  is  brought  out.  Each  grain 
f'r  crystal  is  seen  to  be  built  iij)  of  secondaries  possessing  a  dis- 
tinctly cube-like  form.  Tliev  are  niueli  coarser  than  those  found 
in  tin,  etc. 
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30.  Fig.  210,  X  30  diameters,  shows  the  siirfaoe  of  an  in 
which  has  beeo  Btrained.     If  an  ingot  of  bieiuuth  be  sLrniDMl 
Ix'tiiliitg,  iiiiiiiorous  groups  of  parallel  slip-baud^  or  luuUt]*!''  1i 
nings  are  set  up.     Tlie  specimen  has  been  lightly  etched  witll 
drooiiloric  acid,  which  helps  to  show  np  the  diffei 
tiiin  Ix'twccii  tlir  jmrts.    When  straining  ia  severe,  fractnw 
■'J  1 .   I*"ifr.  211,  X  -iO  diameters,  shows  an  ingot  of  biematb 
has  been  bent  until  it  broke,  and  it  is  to  be  noticed  that  fri 
mrciirrcd  along  straight  lines  in  four  directions,  but  none  of 
coincides  with  the  two  directions  in  which  the  banding  due  to  tlw 
strain  occurs. 

Cadmium. 
It:;,  The  (h'lidritcn  found  on  the  surfaces  nf  -tmall 
caduiiiini  occur  in  the  form  of  six-rajed  stars,  of  decidi 
agonal  symnu'try. 

-■{;{.    Kig.  lilii,  X  30  diameters,  shows  such  ilciidriifi?  front 

surface  of  an  ingot  cunt  in  an  iron  mould.     That  these  deni 

form  tlic  ski-li'tims  of  ihc  ci)arsc  granular  stnictiire  in  aefl(^jB 
<'t<-liing.  ^^ 

:U.   Fig.  iJi;!.  X  30  iHaTiieters,  oblique  ilhiniiimtiiiii,  show?*  ibt 
grjinuliir  structure  of  cast  cadmium,  brought  out  by  etohiug 
dilute  nitric  aeid.     In  one  of  the  larger  grains  the  remains 
dcmlrite  are  seen,  funning  the  core  of  the  grjiin  tnt-losiiig  it. 
etching  the  l)!ise  of  the  same  ingot,  the  structun:!  appeared  al 
iihiiticiil  with  l''ig.  ■2'M).  tlie  difference  in  size  of  the  grains 
enliri-ly  due  to  the  diffcivnee  in  the  rate  of  solidiiicaliou. 
-iCiiiiLid,  the  luctiil  ishows  sHjvbands  as  in  tUo  case  of 
lint  o£  a  ralhcr  tiner  kind. 

3.",.    l-i;;.  I'l  1,  X  30  diameters,  shows  tho  surface  of  an 

wliicli  liiis  I n  strained  and  then  etched  with  nitric  acid.     In  Uie 

ecnini!  gniiri,  three  svsrcins  of  parallel  slip-liundf  arc  -ii-cn.  inWr 
MTting  ejieh  other  jit  jin  angle  of  about  60  degreps.  A  , 

3fi.  I''i,ir.  dl."i,  X-'ii)  diiiiiii.'r<'rs,  shows  similar  sliii-bands  set  vpW 
The  sjieeimen  was  eteJied  wiUi  nitric  a  '"" 
III  is  hiLinnieivd  or  rolled,  the  < 
igiii:il  e<inliiig  is  broken  up  and  a  finer  g 
need.  The  greater  the  mechanical  work  n^ 
is  till-  .-.trueture  produced,  down  to  < 
11^  Iii4:iii  1'.  spread  out.  A  Imi 
■\v:h  rrdled  out  into  lengtlis  of  vurying  thick* 
ihickiiess  wore  cut  off,  having  a  length  of  2| 
udth  (if  0.45  inch.    One  strip  of  each  pair  wu 
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iiiinoalcMl  in  an  air-bath  for  seven  days  at  a  temperature  of  ISO 
degrees  Cent.  (356  degrees  Fahr.)  and  under.  There  were  fiw 
])airs,  tnul  they  were  etched  with  dilute  nitric  acid,  then  dipped 
in  hy<h-oehloric,  Avashed  and  photographed  whilst  still  wet 

oS.  In  Fig.  21G,  are  seen  the  five  pairs.  The  thinnest  pair  arc  oa 
tlie  left,  tlie  thickest  on  the  right,  whilst  in  each  pair  the  uoan- 
nealed  strip  is  on  the  left,  the  annealed  on  the  right  Starring 
from  the  left,  t\w  thinnest  ])air,  Xo.  1,  Iiave  a  thickness  of  O.Ol** 
inch;  Xo.  2  of  0.024  inch;  No.  3  of  0.036  inch;  No.  4  of  0.0« 
incli ;  whilst  No.  5,  the  thickest  pair,  are  0.075  inch  in  thickness. 
The  effects  of  annealing  can  be  seen  without  the  aid  of  a  leni 
On  examination  under  the  microscope  the  changes  are  most 
marked. 

'*]!>.  Fig.  217,  X  ''^^  diameters,  is  Xo.  1  as  it  came  from  the  rolk 
and  may  be  taken  as  a  type  of  all  the  rolled  strips.  The  ori^nil 
(•rvstallin(»  structure  of  the  bar  has  entirely  disappeared,  and  in 
its  ])lace  we  hav(»  the  fine-grained  structure  produced  by  the  break- 
ing down  of  the  original.  The  eflFect  of  annealing  was  to  reduce 
the  flexibility  of  the  strips  due  to  the  growth  of  very  large  po- 
lyoonnl  grains  or  crystals. 

40.  Fig.  2 IS,  X  '50  diameters,  shows  Xo.  5,  thickest  strip,  after 
anncjiling.    The  contract  between  Figs.  217  and  218  is  marked. 

Fig.  2  UK  X  '>0  (liiimeters,  shows  Xo.  4. 

Fig.  220  shows  Xo.  ;>. 

Fig.  221  shows  X(».  1,  after  annealing.  Although  the  crystals  in 
Fig.  2r.»  Mre  small(»r  tlian  those  in  Fig.  220,  which  is  taken  from  a 
tliiiincr  section,  it  was  noticed  that  the  average  size  of  crystal  was 
greater  the  thicker  the  stri]>. 

11.  A<  in  the  easc^  of  tin,  zinc,  etc.,  bending  the  annealed  strips 
lievciiid  the  elastic  limit  sets  up  slip-bands  which  in  many  eases 
re<eiiil)]«'  ilio  nnilriple  twinning  of  plagioclase. 

Fig.  222,  y  ;;n  diameters,  shows  such  systems  of  slip-bands  or 
Twiiiiiiiig  ])i'<Mliice<l  in  \o.  [  hy  bending,  whilst  Fig.  223  shotR 
ih«»-i'  ill  Xu.  :;.  In  hoth  eases  the  largest  crystals  were  photo- 
litjii'mcmI  lu'can-e  iliev  slmw  the  effects  better.  Three  svstrms 
Mt  jiiiralh'l  -h'j)-i.;in«l<  <.*aii  in-  seen  in  a  single  crystal. 

Coj/per. 

-12.  The  sjiMiehire  nf  copper  and  the  influence  of  .*?niall  quaiiti- 
ties  (if  im])uriti(\s  Ijave  been  s(u(Hed  by  Arnold  and  Jefferson.* 


*  «< 
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W,  Fig.  224,  X  30  diameters,  obliqiicly  illiiniinated,  shows  the 
iirface  of  a  slowly  cooled  button  of  copper  (US). 8  per  cent.)- 
'art  of  two  larpe  grains  or  crystals  are  seen,  built  up  of  smaller 
r  secondary  grains  with  a  definite  orientation.  This  is  in  marked 
oiitrjLst  with  Fig,  ^25,  X  50  diameters,  which  shows  a  surface  of 
lectrolytic  copper  just  as  it  came  from  tlie  depositing  vat.  Tlif 
urface  is  composed  of  many  polygonid  grains  or  crystals  wliicli 
ire  primary,  and  therefore  have  no  i-pp;niar  orientation  with  to- 
pect  to  one  another.  Sections  of  electro-copper  have  already  been 
limvii  I  I'roeeedings  Institution  of  Kechauieal  Engineers,  lllOl, 
.'iHte  20(t,  Figs.  141,  142). 

■i+.  Fijr.  2''Sl>.  X  li  diameters,  is  the  top  of  a  button  of  copper 
ivliii'h  has  l>ecn  used  for  calibrating  a  tlicroio-couple.  The  surface 
■Wv^  numerous  dendrites  composed  of  two  axes  at  riglit  angles. 
Ktrliiut;  shows  that  these  dendrites  form  the  skeletons  of  the 
^iiis  as  before. 

4-'>.  Fiir.  22r>,  X  ^0  diameters,  shows  a  cross  section  of  coimner- 
rial  I'lipiKT  (unreiined)  east  in  the  form  of  a  circular  bar.  The 
view  was  taken  from  near  the  centre.  Large  grains  are  seen,  eadi 
liiiilt  up  of  smaller  secondaries,  definitely  arranged.  The  centres 
"I  cacli  si'i-omhiry  have  etched  lighter  in  color  than  the  oiitsiili-, 
luraiisc  the  first  jiart  to  soHdify  was  [lurer;  and  as  eiinililiriniii 
walnut  established  mixed  crystals  have  been  fonued,  as  rNplaiiiod 
liy  IJiHisebonia  (tlie  theory  of  solid  solutions). 

40.  Wlieii  co[)[Kir  is  rolled  or  hammered,  the  crystals  iiri'  nfii'ii 
fouml  III  Ik'  twinned.  Ewing  and  liosenhain  have  sliown  tliiil 
liiesc  tvnns  lire  the  result  of  strain,  and  persist  after  annealing 
at  a  red  lieat.  Shuilar  twins  are  found  in  gold,  brass,  atecl.  etc. 
Willi  fireat  siriiin  the  secondary  grains  elongate  in  the  direction 
nf  rolling. 

47.  Fij;.  2:i7,  X  -10  diameters,  shows  a  vertical  si'Ction  of  rolled 
eopjKT.  The  secondary  grains  are  elongated  in  the  direction  of 
rolling.  AVitli  further  rolling,  th<'se  grains  become  very  long  and 
wtti'iiiiaicd  and  may  finally  break  down,  .\nnealing  tends  to  re- 
lease the  ?trnin,  makes  the  metal  more  pliable,  and  nllowa  the 
Kraiiis  ^n  re;irrange  themselves. 

4-.  I''i,i:.  2:3S.  X  ■'>')  diiuneliTs,  sliiiws  some  copper  foil,  etelied 
wi'h  niirii-  ai-id.  just  as  it  came  fi-'nii  the  rolls.  The  structure  is 
'■"KiiKised  nf  a  mass  of  grains  similar  ti.  those  of  Fig.  227,  slightly 
I'l.ingated  in  one  direction.  .\ll  trace  of  the  priinarv  (original) 
trv-talliziition  has  entirely   disapjieared.      The   foil   possessed   a 
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large  ainoimt  of  spring,  but,  on  heating  to  a  dull  red  anc 
slowly,  this  disappeared. 

41).  Fig.  220,X*^0  diameters,  shows  this  same  foil  after 
to  a  dull  red.  All  trace  of  the  fine-grained  structure  h 
and  in  its  place  is  a  coarser,  mottled  structure  with  broi 
daries  to  the  grains. 

Gold. 

50.  The  structure  of  gold  has  been  studied  by  Arnold 
Andrews.*  The  latter  found  that  pure  gold  crystallizes 
cubic  system :  that  the  primary  crystals  as  seen  in  see 
chiefly  hexagonal,  and  are  built  up  of  secondaries  which  j 
erally  bc^long  to  the  cubic  system.  "Roberts-Austen  and  ( 
in  a  paper  on  the  structure  of  metals,  its  origin  and  cai 
scribed  the  structure  of  gold  and  the  effects  of  various  im 

;■)!.  Fig.  231,  X  30  diameters,  shows  some  of  the  dendr 
with  in  a  slowly-cooled  gold  button,  and  in  Fig.  233  is  t 
und(»r  a  magnification  of  about  10  diameters,  where  the  i 
botwc(»n  the  primaries  can  be  seen. 

r)2.  Rolling  breaks  down  the  primary  crystals,  proc 
luncli  finer  structure,  which  on  annealing  grows  to  a  cons 
siz(\  as  lias  Xn^vn  shown  bv  Itoberts- Austen.  The  effects  « 
strain  in  producing  slii>bands  and  twinning  have  been  sti 
Kwing  and  liosonhain,  and  it  would  seem  that  gold  cL 
seniblcs  co])])er. 

Lead. 

y-].  In  Fiii".  2:52,  is  sliown  a  specimen  of  very  pure  lead  ] 
in  the  ljil)or:itory  of  the  late  Professor  Percy,  by  jwuri: 
ilic  li(jiii<l  from  a  partly  solidified  crucible  of  metal.  1 
«li'ifi<-  striK-turc  (reduced  \)  is  clearly  sho^vn. 

.-)!.  ill  Fiii.  -'11  arc  shown  three  lightly  etched  ingots 
'V\\v  imo  on  \\\v  ri«iht.  lins  boon  cast  in  an  iron  mould,  5  i; 
nj;  ^  ;  u.:;  indi:  th:it  on  the  left  in  a  stone  mould,  5  ii 
o.<;  -  0.2  inch  ;  whilst  tlio  centre  ingot  was  cast  in  a  ston 
1)111  l>rj'n»'e  -n!i,liticniiini  wMs  Complete,  the  remaining  liq 
\vM<  |)nui'o.j  oiT.  ;ni«l  in  this  wny  the  internal  structure  has  1 
h;ii-c.     W'hrn  t.h<'  <urr:iiM.-  of  oust  lead  is  examined,  dend 

.*).";.  I'i::.  2:*.:),  >;  2n  diiunorors,  oblique  illumination,  shf 
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iendrites.  The  specimen  has  been  etched  with  dilute  nitric  acid, 
md  the  dendrites  are  seen  to  be  the  skeletons  of  the  grains  or 
primary  crystals.  When  lead  is  cast  on  a  flat  stone  surface  bettor 
examples  are  seen,  as  in  Fig.  237,  X  3+  diameters. 

56.  In  Fig,  238,  X  30  diameters,  tlie  secondary  grains  are  seen. 
This  surface  was  the  last  point  to  solidify  in  an  ingot  cast  in  atonK. 
Etching  brings  out  the  primary  cryatallization  very  distinctly. 

'ii.  Fig.  23!l,  X  30  diameters,  shows  the  surface  of  an  ingot 
etched  with  nitric  acid.  In  addition  to  the  primary  grains,  anotlier 
structure  is  shown  up  by  etching.  Within  the  central  grain,  small 
markings  are  soon;  under  a  high  powt-r  those  are  seen  to  bo  totra- 
liedra  eaten  out  by  the  acid.  These  tetrahedra  are  all  similarly 
orientated  in  the  same  grain. 

JS,  In  Fig.  240,  X  30  diameters,  is  soon  the  effect  of  etching 
the  base  of  an  ingot  deeply  with  acftic  acid.  The  primary  grains 
or  crystals  are  well  shoAvn,  each  grain  presenting  a  rough  surfnee 
made  up  of  tetrahedra  with  distinct  orientation  in  each  grain. 

.'.it.  Fig,  2+1,  X  30  diaint'ters,  sliows  tlie  surface  of  an  ingot 
cast  in  stone,  and  etched  for  twenty-four  hours  with  acetic  acid, 
llius  showing  up  the  difference  in  orientation  of  the  secondary 
grains. 

liO,  Fig.  242,  X  30  diameters,  shows  the  base  of  an  ingot  cast 
ill  stiine,  and  very  deeply  etched  with  acetic  acid.  Orientation 
here  is  evidently  about  a  trigonal  axis. 

CI.  The  effect  of  strain  is  to  produce  innumerable  fine  alip-Unes. 

i'rl.  I'ig,  243,  X  35  diameters,  sliows  such  linos  set  Up  by  bend- 
ing, in  lead,  cast  on  a  flat  stone  surface.  The  boundaries  between 
the  primary  crj-stallization  have  bfcnuio  irion-  pronounced.  So 
far  tlie  author  has  observed  no  broad  slip-liaude  or  twins  such  as 
lire  soon  in  hi;!iiiutii,  caihuium,  et<'.,  hut  true  twine  do  occur  on 
annealing  slioct  load.  It  was  notircd  that  these  strain-lines  or 
lines  of  aiip  occur  crossing  the  two  main  axes  of  the  dendrites  «t  a 
laige  angle.  Three  systems  of  paniMo!  slip-lines  have  been  ob- 
served in  a  singli!  grain,  and  those  arc  parntlel  to  the  three  sides 
'if  the  totraliodra  oaten  out  by  ot<diing.  A  fourth  pf^ts-iMi-  one 
would  bo  in  the  plane  of  the  photograph  and  parallel  t/>  tlic  f'uurlli 
faco  of  the  tetrahedra.  IIenc<t  it  would  seem  that  these  slip-Hues 
"niihi  c-oiiii-iilc  with  a  possible  ohNivage  parallel  to  the  fundaniontal 
"Ttahedron  (111),  if  we  consider  thut  the  two  arms  of  the  dendrites 
I'oinpido  iritli  two  of  the  axes  of  the  cube. 
''•'■l  In  Fig.  214,  X  30  diuiiiotori^,  a  cast  surface,  etched  with 
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nitric  acid  and  stained,  is  seen  the  relation  of  the  slip-lines  to  the 
tetrahedra  or  secondary  crystallization.  Hammering  and  rolling 
break  up  the  primarj'  crystallization,  and  a  very  fine-grained 
structure  results. 

64.  Fig.  246  shows  two  strips  produced  by  rolling:  out  sinall 
ingots  similar  to  those  soon  in  Fi^r.  234.  They  measure  4  inches 
by  0.6  X  0.12  inch.  Under  the  microscope  the  structure  is  simihr 
to  that  seen  in  Fig.  217.  Annealing  causes  a  rearrangement  and 
the  growth  of  crystals  or  grains  follows. 

65.  Fig.  248  shows  the  same  pair  of  strips  annealed  for  seven 
days  at  a  temperature  of  about  ISO  degrees  Cent  (356  degrees 
Fahr.). 

66.  In  Fig.  245  is  shown  a  piece  of  sheet  lead,  3  inches  by  2.5X 
0.05  inch  thick.  It  is  several  years  old,  and  there  is  no  doubt  that 
the  diflFerence  in  size  of  the  crystallization  between  the  freshly 
rolled  metal  in  Fig.  246  and  the  old  in  Fig.  245  is  due  to  growth  in 
the  strained  metal  at  normal  temperatures,  for  on  rolling  out  i 
piece?  of  tho  old  sheet  lead  a  structure  as  fine  as  in  Fig.  246  was 
produced. 

67.  FiiT.  247  shows  the  same  sheet  annealed  for  seven  davs  at 
about  ISO  degrees  Cent.  (356  degrees  Fahr.),  and  the  growth  of 
crystals  is  very  marked. 

6S.  Fig.  2i]6  shows  a  ])iece  of  sheet  lead  2.5  inches  by  2  X  0.07 
incli  iiinioal(Hl  for  eight  days  discontinuously.  It  was  annealed 
(hiring  tlic  day,  but  cooled  down  to  the  ordinary  temperataie  of 
th(i  laboratory  during  the  night.  It  would  seem  that  discontinaow 
Mnuoaliiig  caus(?d  a  larger  crystallization.  The  temperature  of 
aniioiiling  w^as  about  ISO  degrees  C.  (356  degrees  Fahr.)  as  before. 
l>('si(|('s  <ovoral  crystals  of  enonnous  size  compared  with  the 
froslily  rolled  structure,  it  is  noticed  that  very  many  of  the  ciya- 
tills  iin^  twinned.  Tlicso  twins,  as  in  the  case  of  thos^  met  within 
anncalccl  slio(»t  gold,  brass,  etc.,  are  therefore  the  product  of  an- 
nealing. Tho  aniioaling  of  lead  has  recently  formed  the  aubjert 
of  rosea  rch  by  Ewing  and  Ko8onha:in,*  who  have  even,  madeciys" 
tals  crr)ss  a  wold  by  annealing  at  200  degrees  C. 

Plat  mum. 
(*)!>.  Fiii.   2-1  !>,  X  •^><^  (lianiotors,  shows  the  dendrites  found  on 
the  snrfaeo  of  a  platinum  button.     They  consist  of  two  axes  *^ 
right  angles,  and  foi-m  the  skeletons  of  the  grains  or  crystals*^ 

*  Philosophinil  Transactions,  Koyal  Society. 
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1  the  case  of  the  other  metals  examined.    Platinum  has  the  same 

rranular  structure  as  gold,  etc.,  secondary  grains  being  revealed 
1  the  lai^  crystals  by  deep  etching,  whilst  strain  produces  slip- 
nes  related  to  these  etching  pits.  Andrews  has  recently  worked 
lut  the  structure  of  platinum.* 

Silver. 

10.  Fig.  250,  X  30  diameters,  shows  the  surface  structure  of  an 
ngot  of  silver.  Three  or  more  primary-  crystals  or  grains  are  seen 
i>  be  built  up  of  numerous  secondaries,  possessing  distinct  orienta- 
lun.  I 

71.  Fifj,  2r)l,  X  li>  diameters,  shows  the  surface  of  a  Inilton 
llowwl  to  cool  slowly  in  the  crucible  under  a  cover  of  borax.  The 
rystallization  is  extremely  coarse,  the  illustration  showing  only 
lart  of  four  parallel  branches  of  a  single  dendrite.  The  difference 
K'lwccTi  Kigs.  :i.">0  and  251  is  due  to  the  difference  in  rate  of 
■Doling. 

72.  Fig,  2.")2,  X  ^0  diameters,  rcprosonts  the  surface  of  a  small 
ngot  cast  under  a  thick  cover  of  salt.  There  is  a  very  curious 
lendrit«  structure,  which  in  places  passes  into  coarse  grains  as  in 

7-'(.  In  Fig,  •27)7),  X  "iO  diameters,  is  seen  the  iiitenitediate  stage 
H'lwcen  Figs.  252  and  253, 

74,  Fig.  -J7ii,  X  ^  diameters,  shows  the  struciure  of  electrolyti- 
■ally  deposited  silver.  Distinct  crystalline  forms  are  seen,  and 
Kift,  2."i<i.  X  !^  diiiuicters,  sliows  sonic  of  the  simpler  variety.  It 
ivaa  attempted  to  cut  sections  of  the  more  massive  growth  to  obtain 
llioir  Internal  struciure,  as  in  the  case  of  copper,  but  without  auc- 
i-w.  Klcclni lytic  iron  and  nickid,  on  the  oth'T  Imnd.  form  a 
ilfposit  consisling  of  numerous  coatings  like  iiu  nniiiii.  nmJ  a 
si'ction  shows  that  structure.  If  a  cupcllation  button  of  silver  he 
I'xatuined  very  good  examples  of  dendritic  structure  are  often 
■I'i'ii,    Kigs.  -J.'m  to  2(i2  are  all  taken  from  a  single  button. 

7."i,  In  l-'ig.  257,  X  ;!"  diaiiieti-rs  is  seen  tlic  centre  of  crystal- 
li'iUioii  .if  ji  ilfiiiiritc.  Two  hxcs  iirc  seen  at  right  angles,  and  from 
•"•'ni  iixJM  tJierc  is  a  ])('r]ieiidicular  gniwth,  growing  coarser  as  wo 
li'avp  the  centre  of  crystallization.     There  is  a  cubic  symmetry. 

■  '>.  Fig.  25!t,  X  -if  diameters,  shows  one  I'f  the  arms  or  axes 
"'■!ir  its  t-.riirc.  whiUt  Fig.  2(;i  shows  the  end  of  the  same.    As  the 

*  I'liilosnpliifal   TranKnetinns.  Itoyal  Siicicf y. 
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secondary  grains  approach  the  end  of  the  axis  they  themselves 
possess  a  structure  in  which  there  are  two  main  axes,  together 
with  a  radial  as  well  as  a  concentric  structure. 

77.  Fig.  258,  X^O  diameters,  shows  the  junction  of  two  primary 
grains  or  crystals,  in  which  the  radial  and  concentric  stmcture  of 
the  secondary  grains  is  very  marked.  A  marking  similar  to  the 
concentric  one  is  seen  at  the  end  of  an  axis,  as  in  Fig.  261,  X  30 
diameters. 

78.  Figs.  2f>0  and  202,  X  15  and  30  diameters  respectively, 
oblique  illumination,  show  the  normal  structure  of  the  surface. 
A  few  of  th(»  grains  or  crystals,  as  in  Fig.  262,  show  a  radial  a? 
well  as  a  concentric  structure.  At  first  it  was  thought  that  these 
marked  polygonal  boundaries  were  those  of  the  primary  crystak, 
but  on  closer  examination  they  are  seen  to  cut  across  the  grains 
in  several  places.  These  pseudo-boundaries,  it  is  true,  do  coincide 
with  the  real  boundaries,  as  a  rule,  but  in  many  cases  they  are 
seen  to  be  dirttinet.  As  Ewing  and  Rosenhain  have  shown,  the 
difference  between  the  two  is  clearly  shown  by  slip-lines  when  the 
metal  is  strained.  The  pseudo-boimdaries  are  the  result  of  con- 
traction in  cooling,  like  the  columnar  structure  of  basalt. 

79.  A  silver  cupellation  button,  from  which  the  copper  had 
not  be(m  entirely  remove<l,  was  examined.  Although  the  axial 
arrangement  of  the  secondary  grains  in  the  primary  was  not  so 
shar[>,  when  present,  as  in  the  case  of  pure  silver,  the  concentric 
and  radial  structure  of  the  smaller  primaries  was  more  marked. 

Si).  Fig.  2(>'>,  X  !»">  diameters,  shows  the  axial  arrangement  of 
a  dendrite.  The  extremity  of  an  axis  is  seen  in  Fig.  264,  X  l*'* 
dianiet(Ts,  oblique  illumination,  together  with  some  of  the  smaller 
])riinjiries.  It  is  vcrv  hard  to  distinguish  between  the  largest 
seeondjirv  grains  of  a  dendrite  and  the  smallest  primaries,  and  it 
is  ]n-ol)al)l(^  that,  as  th(\v  are  of  the  same  generation,  the  one  set 
passes  into  the  other. 

SI.  Vvj:<.  lM;.")  and  I'Of;,  \i]()  diameters, show  the  radial  marking? 
and  the  bonndaries  of  the  large  grains.  The  distinct  boundaries 
may  Ik*  (hie  to  a  trace  of  enteetic  present.  When  an  ingot  or 
button  of  silv(^r  is  strained — as,  for  instance,  by  hammering- 
marked  ]>arall('I  twinninii"  is  seen.  The  broadest  twins  usuallv  li** 
per] )('n<licnlar  to  the  linc^  of  strain.  In  addition  to  these  broai 
bands  are  nnmemns  series  of  finer  parallel  twinning,  running  *t 
all  angles.    In  some*  cases  the  straining  appears  to  have  produced 
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Tin. 

82.  When  an  ingot  of  tin  is  cast,  it  possesses  a  plain  bright 
surface  if  pure.  If  impure,  the  surface  is  covered  more  or  less 
by  dendritic  crystals  due  to  the  formation  of  mixed  crystals,  whose 
outer  portions  solidify  at  a  slightly  lower  temperature  than  their 
centres.  In  the  case  where  a  eutectic  is  formed,  this  shrinks  on 
cooling,  leaving  the  dendrites  standing  above  the  surface.  If 
the  surfaces  of  ingots  be  etched,  they  are  seen  to  be  coarsely 
granular,  the  size  of  the  grains,  and  to  some  extent  their  shape, 
varying  with  the  mould  used  and  with  the  purity  of  the  metal. 
The  temperature  of  the  mould  and'  of  casting  also  alters  the  size 
of  the  grains,  the  liigher  the  temperature,  the  larger  the  grains. 

83.  Fig.  207  shows  four  ingots  of  tin  which  have  been  etched 
with  dilute  nitric  acid  and  then  cleaned  with  dilute  hydrochloric, 
which  removes  the  oxide  of  tin  very  quickly. 

a  is  pure  tin  cast  in  a  cold  iron  mould.  Its  dimensions  are 
5  inches  by  0.6  X  0.4  inch  thick. 

h  is  pure  tin  cast  in  a  stone  mould.  Dimensions  are  5  inches 
by  0.6  X  0.2  inch. 

c  is  pure  till  east  in  an  elliptical  iron  mould.  Its  largest  dimen- 
sions are  4.5  inches  bv  0.7  X  0.4  inch. 

d  is  impure  tin  cast  in  the  same  mould  as  a,  but  is  only  0.3 
inch  thick. 

^4.  The  structures  of  a,  h,  and  c  are  all  similar,  but  that  of  d 
is  of  a  nuich  finer  character,  the  grains  being  much  more 
elongated,  and  point  towards  the  centre  of  the  ingot.  If,  in  cast- 
ing an  ingot,  the  mould  be  tilted  and  the  liquid  tin  poured  away 
just  Ix'foro  solidification  is  complete,  a  difference  in  structure  is 
noticed  between  pure  and  impure  tin. 

S.%.  Fie:.  280  shows  two  such  ingots — one  pure,  the  other  im- 
pure. Tluit  on  the  left  is  very  impure,  and  the  whole  mass  is 
seen  to  be  composed  of  dendrites  and  skeleton  crystals.  That  on 
the  right  is  pure  grain  tin  and  no  dendrites  can  be  seen. 

sr».  Fifr.  268,  X  30  diameters,  shows  the  dendritic  structure  of 
tin,  which  has  been  cast  on  a  flat  stone  surface.  Part  of  the  main 
axis  of  a  dendrite  is  seen. 

S7.  In  Fii»-.  261),  X  *>()  (liauictcrs,  is  soon  the  base  of  a  very  thin 
>hcot  <*a>t  on  stonc^  and  a  further  dovolopmont  of  the  structure 
appears.  This  shows  the  junction  of  two  grains  with  their  den- 
<lritic  framework. 
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S8.  Fig.  2T0,  X  30  diameters,  shows  a  smaller  dendrite  from 
tbe  surface,  th  two  main  axes  at  right  angles,  set  in  a  ground- 
maas  Mrliich  is  made  up  of  small  secondary  grains.  These  second- 
ary Rraius  of  tin  are  well  shown  in  Fig.  271,  X  75  diameters. 
Wlien  purp  tin  is  cast  in  a  mould,  especially  in  an  iron  one, 
wherever  it  has  solidified  last  a  concentric  arrangement  due  lo 
shrinkage  is  seen.  It  is  generally  extremely  slight,  but  may  be 
ucci-utuated  by  giving  the  mould  a  slight  jar,  when  vibrations  are 
fi't  ii]>.  This  structure  is  seen  at  the  lower  part  of  ingot  c  in  Fig. 
2(J7.  It  also  occurs  in  slightly  impure  tin,  as  at  the  centre  of  tho 
Biirfact*  of  inpol  rl.  If  the  centre  of  this  point  of  last  solidification 
be  examined  under  the  microscope,  the  normal  structure  of  the 
secomlary  grains  i^  seen,  as  in  Fig.  271. 

89,  P'ig.  -72,  X  30  dinmeters,  oblique  illumination,  shows  loaf- 
likft  tlendritcs  nficn  found  on  the  surface  of  ingots.  In  this  case, 
M  iu  «Il  dendriti'^^  found  at  the  surface,  the  secondary  grains  arc 
iiilirh  larger  than  those  of  the  surrounding  tin,  and  are  more  reg- 
iilnrly  formed,  due  to  the  fact  that  they  had  more  freedom  of 
growth. 

I'O.  Fig.  273,  X  30  diameters  oblique  illumination,  shows  den- 
drites similar  to  those  in  Fig.  272,  after  very  deep  etching  with 
dilute  nitric  acid. 

HI.  Fig.  27+,  X  30  diameters,  shows  the  normal  surface  of  cast 
tin,  etched  for  twelve  hours  with  dilute  nitric  acid.  The  large 
primary  crystals  or  grains,  built  up  of  small  secondaries  with 
tl^oiti?  orientation,  are  clearly  seen. 

1*2.  Fig.  275.  X  -'f*  diameters,  shows  the  base  of  an  ingot  etched 
for  twelve  hours.  The  primary  and  the  secondary  grains  are  much 
nmiUcr,  duo  to  their  having  solidified  against  the  comparatively 
cold  surface  of  the  iron  mould. 

!KJ,  In  Figs.  27ti  and  277,  X  30  diameters,  oblique  illumination, 
are  seen  tin:-  large  grains  of  an  ingot  of  pure  tin,  which  has  been 
ilehed  for  24  hours  with  very  dilute  hydrochloric  acid  to  ensure 
vpty  elow  action.  The  secondary  grains  show  plane  faces,  and 
dcw'Iy  re?ciulile  cleavage  as  seen  iu  Tinnerals.  In  some  cases  pits 
were  eaten  out,  having  plane  faces  with  the  fonn  of  an  octahedron. 
Eving  and  Kosinhain  have  obtaitied  a  characteristic  structure  by 
tiuting  agiiinst  glass. 

84,  When  tin,  either  cast  or  slowly  cooled,  is  rolled,  the  original 

itroptttre  is  ch-stroyed,  and  a  new  very  fine  crystallization  is  set  up. 

I        1*5.  Fig.    27!)  shows   a   bar   of    tin   cur^t    in   stone    rolled   out. 
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Its  dimensions  are  4  inches  bv  0.7  inch,  thickness  0.126  inch.  Its 
structure  has  been  entirely  destroyed,  and  this  fine  crystallization 
has  been  set  up  in  its  place.  On  annealing,  rearrangement  takes 
place,  and  a  structure  consisting  of  coarse  grains  is  produced. 

96.  Fig.  281  is  part  of  the  same  rolled  bar,  after  annealing  for 
ten  days  at  a  temperature  under  200  degrees  C.  (392  degrees 
Fahr.).  Large  grains  have  grown  out  of  the  fine  crystallization, 
their  orientation  is  marked,  and  their  boundaries  distinct. 

97.  In  order  to  find  out  whether  any  relation  existed  between 
the  thickness  of  the  rolled  bar  and  the  size  of  the  grains,  unan- 
nealed  and  annealed,  one  of  the  bars,  Fig.  279,  was  put  through  the 
rolls  till  it  became  reduced  in  thickness  to  0.035  inch.  Half  of  it 
was  cut  into  lengths  from  2.9  to  2.2  inches  long  and  0.5  inch  wide. 
The  other  half  was  rolled  down  to  0.02  inch  and  cut  into  lengths 
of  about  3  inches  (0.5  to  0.6  ^vide).  One  of  these  was  rolled  down 
to  0.01  inch,  another  was  taken  to  foil  0.004  inch  thick.  Samples 
of  each  were  annealed  for  five  days  on  a  hot-plate  at  a  temperature 
of  180  degrees  C.  On  etching  it  was  found  that  the  size  of  grains 
in  all  the  annealed  specimens  varied  considerably,  small  and  large 
being  found  in  each.  But  it  was  seen  that  the  thicker  the  metal 
the  more  numerous  were  the  large  grains. 

98.  Fig.  278  shows  six  of  the  strips  referred  to  above.  The  first 
three  pieces  are  0.035  inch  thick,  the  first  of  which  is  the  unan- 
nealed  specimen.  The  last  three  are  0.02  inch  thick,  and  the 
centre  one  is  unannealed.     The  contrast  is  marked. 

1)1).  FifTS.  2i)8  and  200  show  two  pieces  0.01  inch  thick,  which 
liave  been  annealed  with  the  others,  but,  after  annealing,  one 
end  of  eacli  was  quickly  raised  to  the  melting  point  by  means  of 
a  Bunscn  beneath  tlie  hot-plate.  As  soon  as  the  tin  started  to  melt, 
the  Bunscn  was  turned  out  and  the  whole  slowly  cooled.  The 
junction  of  tlie  annealed  and  renieltod  parts  is  clearly  seen.  In 
the  former,  tliore  are  the  uj^ual  grains  more  or  less  equi-dimen- 
sional,  whilst  in  the  latter  it  is  seen  that  a  few  crystals  occupy 
the  whok'  mass,  it  is  sec^n  that  tlie  large  long  crystals  of  the 
melted  part  have  grown  from  and  are  continuous  with  the  crystals 
in  the  unmelted  ])art.  "i'liis  shows  the  relative  freedom  to  grow 
in  the  licjuid  and  in  the  solid  states. 

100.  Under  the  microseope  the*  difference  between  the  rolled 
metal  of  various  thicknesses  is  distinct.  The  piece  0.035  inch 
thick  showed  a  structure  as  coarse  as  in  Fig.  ii87,  but  the  grains 
had  rough  irregular  boundaries. 
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101.  Fig.  282,  X30  diameters,  oblique  illumination,  shows  the 
structure  of  the  piece  0.02  inch  thick.  The  grains  have  become 
minute  and  are  less  distinct. 

102.  Fig.  283,  X  30  diameters,  oblique  ilhnuination,  is  the  piece 
rolled  down  to  0.004  inch.  Its  structure  is  minute  but  granular, 
and  the  grains  are  seen  to  be  rather  more  distinct  than  those  of 
the  0.02  inch  strip.  In  the  case  of  the  annealed  specimens,  the 
difference  between  the  pieces  of  0.035  and  0.02  inch  in  thickness 
is  not  very  noticeable,  but  when  0.01  inch  is  reached  the  grains 
are  seen  to  be  very  much  smaller. 

103.  Fig.  284,  X  1'^  diameters,  oblique  illumination,  shows  the 
piece  0.035  inch  thick  after  annealing.  The  grains  or  crystals 
have  increased  many  times  in  size,  their  edges  have  become  more 
regular,  and  the  whole  system  of  crystallization  has  become  more 
distinct. 

104.  Fig.  285, X 15  diameters,  oblique  illumination,  shows  some 
of  the  smaller  crystals  from  the  same  strip. 

lO.').  Fig.  28(),  X  15  diameters,  oblique  illumination,  shows  the 
0.02  inch  strip  after  annealing,  the  size  of  grain  being  but  slightly, 
if  any,  less  than  that  of  the  thicker  strip. 

10(>.  In  Fig.  287,  X  15  diameters,  oblique,  is  seen  the  0.01  inch 
strip  after  annealing.  The  grains  or  crystals  are  very  much 
>iiiallor.  On  comparing  Fig.  282  with  Fig.  286,  and  Fig.  283  with 
Ki^^  2S7  the  enormous  change  due  to  annealing  is  clearly  seen, 
and  this  is  even  more  marked  because  the  annealed  strips  have 
Ix'en  photographed  with  only  half  the  magnification  of  the  rolled 
^I)eciinens. 

107.  Hammering  produces  similar  effects  to  rolling. 

Kig.  2SS,  X  '>0  diameters,  oblicjiie  illumination,  shows  a  piece  of 
tin  hammered  out  to  0.08  inch  thick,  etched  w^ith  dilute  nitric  acid 
and  washed  with  dilute  hydrochloric.  The  original  structure  has 
'lij^appeared,  and  a  finer  crystallization  has  taken  its  place.  An- 
Moaling  causes  a  growth  of  crystals  as  before. 

105.  Fig.  2SJ>,  X  35  diameters,  oblitjue,  shows  the  effect  of  an- 
nealing for  three  hours  at  a  temperature  below  200  degrees  C. 
(.*)liL>  degrees  F.),  whilst  in  Fig.  2JK),  X  35  diameters,  is  seen  a 
|'i«t(di  of  the  largest  crystals  grown  in  that  time. 

101^  In  Fig.  201,  X  '^'^  (liaiiietcM's,  is  shown  a  piece  of  the  same 
tin  hammered  to  0.05  inch  thick,  and  annealed  for  fifteen  hours, 
showing  a  great  increase  in  size  and  regularity  of  crystals. 

110.   Fig.  21)2,  X  ^^0  diameters,  shows  the  structure  of  ham- 
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inered  tin  after  annealing  below  200  degrees  C.  (392  degrees  F.) 
^.  ten  days.  When  compared  with  Fig.  288,  the  difference  in 
ifraeture  due  to  annealing  is  very  striking.  It  would  seem  that 
"ha  fine  crystals  tend  to  become  more  definite  in  boundary,  their 
mMml  neighboring  grains  become  oriented  in  the  same  way,  and 
Hjdljr  merge  into  one  another  to  form  a  large  grain  or  crystal. 
ISmi' largest  grain  in  Fig.  292  shows  the  outline  of  the  smaller 
{iiins  which  build  it  up;  their  outline  is  the  result  of  etching 
ifter  a  slight  annealing. 

111.  Fig.  293,  X  30  diameters,  shows  a  section  of  the  same. 
Chnions  rectilinear  markings  are  seen.  These  are  not  scratches, 
ind  are  distinct  from  the  slip-bands  and  lines  produced  by  strain- 
ing. They  are  differently  oriented  in  different  crystals.  They 
may  however  have  been  produced  by  strain  in  the  process  of 
catting  the  section. 

112.  Fig.  294,  X  35  diameters,  oblique  illumination,  shows  a 
piece  of  hammered  tin  0.08  inch  thick  which  has  been  slowly  an- 
nealed up  to  the  beginning  of  fusion.  It  was  supported  at  each 
e&d  and  heated  until  it  broke  by  its  own  weight.  The.  fracture  is 
leen  in  Fig.  295,  X  35  diameters.  The  coarse  granular  structure 
pvodnced  by  the  heating  has  been  shown  up  by  fusion  at  the 
boundaries. 

113.  Tschernoff,  who  is  followed  by  Sauveur,  says  that  the 
growth  or  coarsing  of  the  grain  of  steel  as  revealed  by  its  fracture 
eannot  occur  during  rise  of  temperature,  but  occurs  only  during 
fall  of  temperature.  This  may  be  true  for  the  constituent  f errite, 
but  the  growth  of  grain  of  the  martensite  takes  place  as  the  tem- 
perature rises  (above  Ac)  just  as  in  the  above  example  of  tin. 

114.  When  tin  js  strained  by  bending,  slip-bands  or  twins  are 
produced  as  well  as  slip-lines.  P'igs.  290  and  297,  X  30  diameters, 
show  such  twinning  produced  in  cast  tin  (cast  on  a  flat  stone  sur- 
face). The  metal  has  been  etched  with  dilute  nitric  acid.  In  Fig. 
297  the  two  parallel  systems  are  very  pronounced. 

Zinc, 

116.  When  an  ingot  of  zinc  is  examined,  dendrites  similar  to 
thofle  of  lead  and  tin  are  often  found. 

Fig.  303,  slightly  reduced,  sliows  tlio  surface  of  an  inp:ot  east 
in  a  stone  mould.  The  granular  crystallization  is  shown  in  Fig. 
302  by  etching. 

Fig.    304,  X  30  diameters,   shows   ])art   of   a   dendrite   on  the 
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surface  of  metal  cast  on  stone.    There  are  three  maui  nxea,  gmng 
the  dendrite  a  hexagonal  type  of  structure. 

Fifr.  ;>05,  X  30  (lianieteru.  shows  the  base  of  tho  i^iue  ntMl) 
with  its  coarse  granular  structure.  Etching  reveab  thi!  lYiBunm^ 
in  orientation  of  the  secondary  grains  as  in  the  cbk-  uf  lead,  tu, 
etc. 

Straining  produces  parallel  twinning  as  before. 

I'ifr.  :!(Hl,  X  !50  diameters,  shows  this  stnicture  in  :i  siirir'' 
siuiihir  til  Fig.  305. 

In  Fig.  .307,  X  !10  diameters,  several  twinnings  arc  scon,  vfliiti 
vary  in  direction  as  they  pass  from  one  graia  to  another.  Ktcbtq; 
makes  the  effect  more  pronounced  by  showing  up  the  orieatatn 
of  the  gi-ains  as  in  Fig.  308,  X  30  diameters,  obliqne  J11iita)!nati'>n 

11  li.  Ill  Fig.  309,  X  !10  diameters,  is  ilhiMrated  a  view  of  tin- 
surface  of  the  same  metal.  The  primary  grains  are  coarser,  <iue 
to  the  relatively  slower  cooling,  and  the  twinning'  is  mow  fit 
nounccd.  AVhcn  zinc  is  rolled  out  into  thin  Btripe,  the  metal  P 
vcrv  pliable.  Tlie  structure  of  tlie  original  cooling  has  heon  «■ 
tircly  destroyed,  and  a  new  one  takes  its  place,  much  finer  tiu 
that  of  rolled  tin,  lead  or  cadmium. 

Fig.  ;!01  shows  five  strips  rolled  nut  to  2  to  4  by  0.4  hj 
incli  thick.    The  structure  cannot  be  seen  -without  the  aid  of  a 

117.  Fi;;-.  ;100  shows  the  same  strips  annealed  for  spTen 
200  degrees  C.  (392  degrees  F.)  on  a  hot  plate.     Lai^! 
irregiilur  grains  or  crystals  have  been  formed,  far  larger  ' 
the  ciisc  of  tin,  lead,  etc.     Wliereaa  the  unannealed 
flexible  and  very  toiigh,  the  annealed  specimens  are  very 
Lending  or  straining  to  the  slightest  degree  causes  the  derekp- 
ment  of  cracks  wliicli  originate  as  slip-bands  more  or  1< 
to  thi'  iinriital  of  the  line  <jf  strain.     This  brittleness  IB  w»- 
iioniiccd  that  the  metal  cannot  be  rolled  until  it  is  heated. 
critical  tfiniieratnre.     Fxpcriments  scorn  to  show  that 
iinii>    aiincaliiijr   causes    a    more    rapid    growth   than    a 
lion-  '■IX:     In  oilier  words',  si^vcral  annealings  of  short  di 
can-.'  i![i  cry-lal-;  to  grow  iii  h■^-i  time  than  one  long  annealinj^ 

SiiDniiary. 

11-.  In  ihc  above  cxaniiilc'  is  given  additional  evidence  of  iM 

has  bi-rn  |H,inii>'l  out  by  otlicrs.  that  when  a  metal  reaclwJl 

freezing  point  it  begins  to  cry-tnlliKe  out  from  a  number  of  p«i* 

or  centi'i's.     Demi li lis  grow  from  these  centres  and  continiMto 
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grow  until  they  meet  others,  when  their  growth  is  obstn 
The  more  rapidly  a  metal  cools  past  its  freezing  point,  the 
numerous  \vill  be  the  centres  of  crystallization,  and  therefor 
smaller  will  be  the  structure.  The  dendrites  continue  to 
until  the  whole  mass  becomes  solid  in  the  form  of  irregi 
l)Ounde(l  crystals  or  grains  whose  orientation  varies  from  gn 
irniin.  In  the  case  of  impure  metals  the  dendrites  which 
cTvstallize  out  are  usually  purer  than  the  mother-liquor,  \ 
freezes  at  a  lower  temperature.  As  a  rule  equilibrium  L 
cstnblished,  and  so  the  dendrites  vary  in  composition  from  c 
to  nntsido,  h(»nce  their  structure  is  revealed  when  a  secti 
etched.  Again,  as  a  rule,  the  metal  contracts  during  solidificj 
and  so  the  mother-liquor  sinks  beneath  the  surface,  leavinj 
d<*n<lrites  standing  out  in  slight  relief.  These  primary  grai 
crystals  are  built  up  of  smaller  or  secondary  grains  which  ai 
vealed  in  etching.  They  yiay  be  compared  with  the  cmta 
calcito  in  a  crvstiilline  limestone  which  break  up  into  small  rh 
du(»  to  their  rliombohedral  cleavage,  or  with  the  crystals  in  mi 
<ral(*na  which  br(»ak  up  into  cubes  because  of  their  cubic  olea 

1  UK  T\w  effect  of  strain  is  to  produce  a  parallel  slipping  i 
definite  directions,  usually  related  to  the  orientation  of  the  pri 
crystals  and  also  to  the  direction  of  strain.  In  some  case 
elTect  is  seen  in  the  formation  of  one  or  more  systems  of  pa 
slij>-1in(»s,  in  otliers  in  the  production  of  systems  of  pa 
twinninii".  As  Kwing  and  Hosenhain  have  pointed  out,  the 
>lij)-lin<'s  an»  ])erp(Midicular  to  the  direction  of  straining,  wh 
furtlier  strainin<r  j>roduces  other  systems.  When  the  straii 
Immii  severe,  as,  i\}v  instance,  by  rolling  or  hammering,  the 
|H'iiiiai'v  crvstals  are  broken  down  and  a  finer  crystallization 
ilirir  i»lace;  the  ureater  the  mechanical  work  upon  the  meta 
!':iii'  I  lie  n'-iiltiiii;'  crvstallization. 

\'2^K  Annealing  causes  tlic  fine  crystallization  to  rear 
i;-<li'.  ;in<l  ])ro(hice>  the  trrowtli  of  crystals,  whose  size  appa: 
liijMucU  to  some  extent  both  on  the  time  and  temperature  • 
iM';ilini»-  :m<l  the  thickness  of  the  metal.  In  the  case  of  lead  a: 
!:ii>-  ari'aiiizcnient..  wa>  nolic(Ml  to  take  place  at  ordinary  te 
..Hire-,  Itnt  of  (Mnirsc  verv  >lo\vlv  indeed. 

ill  coiiclininn  the  author  would  like  to  express  his  indebtf 
t..  ihf  late  Sir  William  Koherts-Austcn,  under  whose  din 
nm-t  ot"  the  work  was  performed,  and  also  to  Professor  W 
(iowhuKJ  f(»r  liis  kimllv  encourairemcnt  and  advice. 
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(Hembfr  InstitDIlon  of  Mecbinical  ~Eng!n<i'T«,> 

1.  In  the  tool-steo]  trials  made  by  the  ilanchestcp  Committee 
in  1SI02-03  (the  report  upon  which  was  published  by  the  Man- 
chester Association  o£  Engineers  in  their  Trausaetiona  for  1903), 
there  appeared  an  entire  lack  of  uniformity  in  the  shapes  and 
angles  of  the  tools  submitted  by  the  eight  competing  firms.  There 
*as  also  no  obvious  connection  between  the  shapes  and  angles  of 
the  tools  and  the  cutting  forces  upon  these  tools  deduced  in  the 
report  from  the  oleetrieal  power  measurements  made  by  the  Com- 
mittee. Neither  did  the  shape  or  angle  supply  a  clew  to  the 
faiises  of  success  and  failure  in  the  various  trials  mth  different 
tools. 

2,  On  the  other  liand,  the  necessary  reconsideration  of  the 
desi^  of  lathes  for  the  rapid  and  heavy  cutting  rendered  possible 
by  tin-  new  steels  introduced  by  Taylor  and  White,  and  now 
evm-ivhere  adopted,  calls  for  a  thorough  and  systematic  investi- 
galion  (if  the  forces  acting  upon  a  cutting  tool.  If  a  stanilurd  area 
of  nit  can  \>v  agieed  upon  for  the  various  sizen  <•{  liithc,  ;i  Iciinwl- 
edge  of  the  forces  to  be  overcome  when  taking  that  cut, — not  only 
for  turning  the  work  against  the  tool,  but  also  for  moving  the 
sliile-rest  and  saddle  in  both  the  traver.'sing  and  surfacing  directions 
wll  enable  the  calculation  of  the  stresses  in,  and  the  proportioning 
of,  tlif  various  part*  of  the  machine  to  be  pone  about  in  a  rational 
v\i  wientific  way. 

3.  Xo  such  knowledge  has  hitherto  been  available;  and  it  ap- 
peared to  the  author  that  the  prost-cution  of  a  somewhat  extensive 

*  Prwented  at  Hip  ChicRgo  meeting.  Mnv  nnil   Jimc.  1904,  of   the  Atneriwin 
"ofift;  nf  .Mechanical  Engineera,    and  foruiiui;  part   of  Volume  XXV.   of  tUe 
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research  into  the  matter  would  ^vell  repay  the  timey  labor,  isd 
expense,  which  it  would  necessarily  involve. 

4.  The  j)resent  Paper  records  the  results  of  over  300  seriil 
trials,  each  requiring  the  making,  recording  and  reducing  of  from 
50  to  100  observations ;  but  it  is  only  to  be  looked  upon  as  a  first 
instalment  of  the  work  required  to  be  done  in  order  that  the 
a(*tion  of  the  tools  used  in  a  machine-shop  may  be  thoroughly 
undei"stoo(i. 

5.  The  thanks  of  the  autlior,  and,  if  the  results  herein  contained 
sliould  prove  of  value,  those  of  the  engineering  public,  should  be 
given  to  those  whose  action  alone  rendered  possible  the  canring 
out  of  the  work.  First,  viz.,  to  the  authorities  of  the  Manchester 
ilunicij)al  School  of  Technology,  who  authorized  the  expendituT* 
incnirred  for  i)ower,  light,  and  mechanical  assistance,  to  a  not  in- 
(•onsi(h»rable  amount.  Second,  to  the  firm  of  Sir  W.  G.  Ann- 
stronff,  Whitworth  &  Co.,  for  the  continuance  of  their  loan  of 
t\w  lathe  used  in  the  experiments  by  the  Manchester  Committee; 
for  the  donation  of  the  remainder  of  the  material  unoperated 
upon  in  tlies(»  experiments,  viz.,  three  steel  forgings  and  three  iron 
castings ;  and  for  the  gift  of  large  quantities  of  their  AW  steel 
(►f  various  sections. 

<>.  The  record  of  the  experimenters  in  this  field  is  not  a  very 
loiio;  one.  In  Ilartig's  work  "  Experiments  on  the  Efficiency  of 
Mnchiiic-Tools/'  *  the  law  was  enunciated  that  the"  cutting  f<»ie<^ 
vjii'irs  in  <iin])le  proportion  to  the  depth  of  the  shaving.  In  the 
'•  I'mcccdijiiis  of  t]\r  lioyal  Society  *'  for  December,  18S1,  Mr.  A. 
Mnllock  ])iil>lisli('d  certain  observations,  and  the  conclusions  he 
<kMlii(MM|  from  tliese,  iiixm  lathe  turnings,  made  in  the  engineering 
WMrk^liMj)  at  Cainbridii'e  T'niversity.  He  then  gave  an  analysis 
nf  tin*  forces  actiiiii*  u])ou  the  tool  when  removing  the  shaving; 
ainl  it  will  !»»•  interest iiig-  to  c(mipare  his  results,  where  possible. 
wirli  tlie  (•xjKM'iniental  data  uiven  below.  Professor  R.  H.  Smith 
j>nl.li-lie<l,  ill  hi-  work  on  "Cutting  Tools"  in  1882,  a  series  of 
diaii'ranis  and  tables,  aivinu*  the  results  of  experiments  made  ht 
lii:ii  with  a  lever  form  of  <lyiinnionieter  for  measuring  the  verticil 
torer  only:  hnr  the  euttinir  forces  he  measured  never  exceeded 
l.onn  ()oiin.|<.  and  the  enttinir  speeds  were  all  below  10  feet  per 
niinnte. 

7.    Prot'»'s<or  Sinitli,  in  the  preface  to  his  book,  takes  Hartig 
f.everely  to  task  for  ])r<»po-inir  the  above-mentioned  law  of  varit- 

*  LtMpzig,  1878. 
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n  of  force  with  depth;  but  (although  the  author  has  not  had 
3688  to  Hartig^s  work)  the  results  of  the  present  experimentB 
pear  to  substantiate  Hartig's  law  to,  at  all  events,  a  first  ap- 
dximation;  and,  however  valuable  Professor  Smith's  work  may 
,  it  appears  to  the  author  to  be  open  to  the  criticism  of  lack  of 
>pe  and  exaggeration  of  detail.  His  experimental  apparatus, 
nsisting  of  a  Smith  and  Coventry's  tool-holder,  with  a  ^  -inch 
«1  pin  driven  through  it  to  act  as  a  fulcrum  between  the  cut- 
ig  force  at  the  front  and  the  weight  scale  at  the  back,  was  ob- 
Misly  unsuited  for  heavy  cuts,  the  8t,eel  pins  having  to  sustain 
2  sum  of  both  the  cutting  and  weighing  forces.  In  the  dyna- 
>meters  described  in  this  Paper  this  error  has  been  avoided,  and 

placing  the  horizontal  and  vertical  axis  about  which  the  tool 
free  to  move  at  the  back,  whilst  the  weighing  thrust  is  applied 

the  front  near  the  cutting  end,  and  therefore  between  point 
d  axis,  the  latter  has  only  the  small  difference  between  the 
tting  and  weighing  forces  to  snst^iin  and  can  be  made  corre- 
ondingly  small  and  fri(*tionless. 

8.  Two  dynamometers  were  made  and  used  in  these  experi- 
'iits.  Th(\v  were  each  eapable  of  measuring  forces  up  to  15 
18  on  th^  tool  point  when  taking  a  cut.  In  the  first,  means 
»re  only  provided  for  measuring  the  vertical  force  upon  the 
int  of  the  tool;  whilst  in  the  second,  not  only  the  vertically 
•ected  force,  but  also  that  tending  to  push  the  tool  and  saddle 
pkwards,  and  that  tending  to  op2)ose  the  traversing  feed  were 
«»rved. 

1>.  The  second  apparatus  grew  out  of  the  first,  and  was  only 
wtructod  after  sufficient  experience  with  the  simpler  form  had 
Heated  the  feasibility  of  a  still  freer  suspension  of  the  tool. 
10.  The  force  measurer  itself  consisted  of  an  hydraulic  support 
1  a  Bourdon  gauge.  The  author  had  already  had  considerable 
►erience  with  these  supports,  having  constructed  small  ones 

similar  work,  and  a  set  for  use  in  a  rotatory  transmission 
lamomcter,  in  the  laboratory  of  the  McGill  University,  Mon- 
il.  His  attention  was  first  attracted  to  them  in  connection 
!i  the  reports  on  railway  brakes  ])resented  to  this  Institution  by 
»tain  Oalton,*  in  which  a  supj>ort  designed  by  Mr.  Gteorge 
stinghotise  is  figured  and  described,  and  was  largely  used  in 

experimental  van  employed  by  the  former.     The  pressure 

,  however,  recorded  by  connecting  the  interior  of  the  support 

♦  Proreedingn,  1878,  pp.  4«7  and  590,  rIho  1879,  p.  170. 
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to  a  steam-engine  indicator,  and  as  there  was  necessarily  con- 
siderable leakage  of  the  fluid  past  the  piston,  an  auxiliary  fluid- 
supply  device  had  to  be  added,  which  not  only  disturbed  the  read- 
ings of  the  pressure,  but  also  made  the  instrument  more  com- 
plicated. 

11.  By  reading  the  pressure  on  a  Bourdon  gauge,  and  taking 
precautions  in  making  the  joints,  leakage  can  however  be  entirely 
eliminated ;  and  the  author  used  the  instrument  in  this  form  in 
1804,  believing  the  method  to  be  original.  He  has  since  found 
that  many  others  had  adopted  the  same  plan  for  measuring  a 
transmitted  force,  notably  Napoli,  Thomasset,  and  Maillard. 

12.  The  principal  hydraulic  support,  used  for  measuring  the 
vertical  force  on  the  tool  in  both  the  first  and  second  dyna- 
iiiometers,  is  shown  in  sectional  elevation  in  Fig.  313.  The  com- 
pression piece  A,  when  thrust  upwards,  produces  pressure  in  the 
fluid,  which  conmiunicates  by  means  of  the  small  copper  pipe  B 
through  the  make-up  plug  fltting  C  with  the  interior  of  the  gauge 
tube  D,  The  body  of  the  diaphragm  casing  E  is  held  down  to 
t\w  lathe  saddle  by  means  of  two  bolts  PP,  Fig.  312.  Care  must  ' 
be  taken  in  filling  the  diaphragm  to  remove  all  air  from  the  con- 
tained fluid.  Distilled  water,  which  is  boiled  after  filling  the 
easing,  makes  a  satisfactory  medium;  and  a  small  filling  screw 
fitted  in  the  end  of  the  gauge  tube  is  necessary  for  ridding  it  of 
air. 

13.  Turning  now  to  the  other  end  of  the  dynamometer,  the  tool 
was,  in  the  first  instance,  free  to  move  only  about  a  horizontal  axis 
(parallel  to  the  lathe  centre  line).  This  arrangement  is  shown  in 
Fi^'s.  ;n(),  :>11,  *J12.  The  axis  is  formed  by  the  points  of  two  screws 

G  i)assing  througli  two  massive  cast-iron  chocks  H  which  rest 
\ij)on  the  tool-slide.     The  points  of  the  screws  enter  into  deep 
centre  pops  made  on  the  sides  of  the  tool  before  hardening.    When 
the  tool  is  resting  freely  between  the  two  loose  chocks,  and  the 
screw  points  are  entered  into  the  pops,  the  tool  clamps  are  tight- 
ened down  hard  upon  the  former,  and  when  the  screws  are  then 
advanced  up  to  the  tool  it  has  only  one  degree  of  freedom  to 
move.    Friction  between  tlie  tool  and  the  cast-iron  side-pieces,  dne 
to  vertical  motion  of  the  former,  is  prevented  by  interposing 
greasy  ])lates  between  them;  and  the  tool  is  supported  near  ita 
point  by  the  strut  I  underneath  it.     This  is  of  adjustable  length. 
is  formed  into  a  knife-edge  on  top,  and  rests  upon  a  knife-edge 
on  the  cast-steel  beam  J  at  bottom. 
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L  This  strut  I  is  kept  in  place  during  the  cut  by  the  stirrup- 
«d  piece  K,  which  is  hinged  on  the  tap-bolta  L,  and  retains  / 
leans  of  two  pointed  screws  3f  which  enter  the  centres  of  the 
steel  pin  A'  connecting  the-double  unil  single  eye  as  shown, 
a.  The  beam  is  about  2  feet  4J^  ini'lics  long,  has  a  fulcrum  on 
under  aide,  and  another  knife-edge  fonncii  upon  ita  upper  aide 
be  opposite  end  for  taking  the  iliapliragni — strut  A.  The 
mm  is  a  knife-edge  4  inches  lonfr.  fanned  on  the  beam  and 
irig  on  a  flat  steel  plate  upon  the  sadiHe.  It  is  important  that 
knife-edges  should  be  part  of  the  beam,  so  that  tlie  leverage 
)  may  remain  constantly  the  same,  notwitbataniling  chatter. 
S.  Witli  this  arrangement  loads  of  over  10  tons  on  the  point 
he  tool  have  been  taken  when  cutting,  with  but  little  more 
atJon  than  what  is  felt  when  the  tool  is  bolted  to  the  tool-slide 
le  ordinary  way.  The  diaphragm  only  yields,  when  the  fluid 
ir-free,  by  the  amount  necessary  to  supply  the  inereaacd 
line  of  the  gauge  due  to  the  added  pressure,  and  the  spring 
he  tube  is  able  to  bring  the  arrangement  back  to  zero  when 
load  is  removed.  In  order  to  assist  this  action  the  tool  (whoso 
t  is  set  centrally  to  the  work)  is  adju.'itcd  witli  a  conaiderable 
ip;  so  tliat,  as  with  a  spring  tool,  the  cutting  force  diiniiiialieB 
n  tlie  tool  deflects.  _ 

r.  In  the  second  form  of  dynamometer  the  same  large  hy- 
iliu  sup|H>rt  Z,  Fig.  .'il.'!,  cast-steel  luiim  /,  struts  .1  and  /,  are 
[  as  in  the  first  for  measuring  the  downward  force;  but  tliree 
r  diaphragms  arc  added  to  cnaMe  the  backward  and  side 
sts  to  be  measured.  The  sideelevation  of  the  whole  iDstrumcnt 
iu«ii  in  Fig.  313,  the  plan  in  Fig.  314.  and  the  front  and  side 
sin  Figs,  315  and316.  The  loose  cast-iron  cheek-pieces  are  here 
Mril  bya  casting  0,Fig.;tl4,s!iHpefl  to  fit  round  tlie  tool  clamp 
B,  and  recessed  to  provide  for  the  gimbal  tool-ho)clor  P.  The 
ct  of  thr  latter  is  to  allow  the  tool  freedom  to  movB  about 
T  a  horizontal  axis,  parallel  to  the  lathe  centre  line,  or  ti 
lal  axis  intersecting  the  other.  Two  pointed  screws  Q  paas 
iigh  O  into  centre  punch  marks  in  the  gimbal  piece  P; 
two  other  similar  screws  Jl  pass  through  the  gimbal  into 
marks  on  the  top  an<l  bottom  surfaces  of  the  tool  itself. 
ho  tool  point  can  now  move  liorizontally  (as  well  as  verti- 
),  the  strut  /  is  pointed  at  the  bottom  and  rests  in  a  recess 
le  cast^steei  beam  /,  instead  of  upon  a  knife-edgi'  formed 
it  as  before.  The  stirrup  ]ucco  A'  is  iiuw  only  used  to  retaiu 
12 
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le  stmt  I  in  tlie  direction  of  tlie  depth  of  tlip  cut;  that  strut  being 
rep  to  tilt  somewhat  in  the  direction  uf  the  traverse  feed.  The 
.vo  liydraiilie  supports  S  and  T  (with  struts  U  and  V  of  adjustable 
-iigth)  are  suitably  placed  so  as  to  rotiiin  the  tool  in  a  fixed  posi- 
on,  in  iilan,  relatively  to  the  tool  slide.  AVhen  an  experiment  is 
Ixiut  to  be  made,  compression  is  put  on  both  these  supports  8  and 

bv  M-rewiiiir  and  lengthening  struts  U  and  V;  so  that  the  tool 
=  fiiinly  held  sideways  by  two  compressive  forces  of  from  500 
c  1,000  pounds  each,  acting  upon  it  from  the  supports.  If,  then, 
ln'  tool  slide  thrusts  to  the  right  when  traversing,  it  will  increase 
he  pressun.'  on  the  right-hand  support  T,  and  diminish,  by  the 
aiiip  nmonnt,  the  pressure  on  the  left-hand  support  S.  If  it  should 
limst  to  the  U-it,  i.e.,  draw  into  the  ctit,  it  will  have  the  reverse 
■fiiYt. 

l-".  hi  order  to  allow  of  the  back  thrust  of  the  tool  being  meas- 
ircil.  the  pointed  screws  Q  are  not  tajiped  through  ihe  casting  0 
'.'I'if,  liut  tliroujili  sliding  blocks  11'  fitting  in  slots  tlieretn.  An 
lydnudic  support  A',  with  its  strut  )",  ia  supplied  at  Uie  back  of 
III'  tiHil;  the  stmt  centre  line  being  inclined  at  the  same  angle  as 
ihi'tiKil,  whicli,  for  the  reason  above  lucntioned,  droops  somewhat 
\m-anh  the  w.>rk. 

111.  The  t'H.l  ]irojects  very  little  behind  the  centres  of  screws 
','.  iLiul  there  is  tlius  but  little  vertical  or  horizontal  motion  of  the 
|">iiit  iif  strut  1',  where  it  touches  the  loo],  when  the  latter  moves 
iiiiiItT  the  deflcetions  of  the  diaphrapus  of  «upport«  Z,  S  or  T. 
l!i'fiire  tlie  cut  conunences,  support  A'  is  also  put  under  pressure 
liv  scrcwiuir  ami  lengthening  strut  V,  so  that  the  tool  is  kept  from 
riiiiiiiu^r  in  by  being  pressed  with  eonsiiliTable  force  through  the 
IJu'lis  ir,  agjiinst  the  front  of  the  shits  formed  in  the  casting  0. 
■"Ih'uIi!  the  tool,  when  taking  its  cut,  tlirust  backwards  with  a 
iiiiilh'r  force  than  that  corrcspondiufr  to  ilic  initial  pressure  put 
ifxin  diiiphragni  A',  that  pressuri-  luiist,  of  course,  be  suitably 
jiiiinished  by  unscivwing  and  shi)rteniug  strut  i . 

•*»K  Tlie  general  arrangement  of  the  apparatus  is  shown  in  three 
h..togra|)lis.  Kigs.  ;117,  :ns  and  :n'.\.  For  these  the  author  is  in- 
■l.fed  to  the  kindness  of  his  colleague,  Mr.  Fishenden,  of  the 
■i i  nf  Teclino]oj:y. 

K.rpi-nmenta  Maih  irilh  Fir.il  Dynamometer. 
21.   The  size  of  steel  onlinarily  used  in  the  experiments  was 
inch  square,  although  l.J  anrl  2  inches  sipiarc  steel  was  some- 
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'mployed.  In  projecting  a  series  of  trials  upon  the  effect 
angle  upon  cutting  foi-ce,  the  shape  of  the  tool  point  in 
cqiiired  first  of  all  to  be  carefully  considered.  Almost 
iiiriety  of  shape  had  been  sent  in  by  the  steel  makers  in  the 
tlee's  experiments,  and  there  was  no  indication  that  any  one 
I'  wns  distinctly  better  than  all  the  others.  The  round-nosed 
IS  the  most  common  form,  and  is  the  easiest  to  forge  and 
liiit  it  has  the  great  disadvantage  from  the  point  of  view  of 
'Xperiments  thiit  the  actual  cutting  angle  varies  on  a  given 
til  the  depth  of  the  cut. 

It  was  therefore  decided  to  make  the  cutting  edge  liorizon- 
iit  all  angle  in  plan  of  io  degrees  with  the  axis  of  the  work. 
|i  surface  of  the  tool  was  a  plane  containing  the  cutting  edge, 
■lined  at  the  angle  called  "  the  cutting  angle  "  to  the  verti- 
iic  which  also  eontaine.l  the  cutting  edge.  The  ciittini;  filfi-.> 
iited  at  a  point  f  inch  from  the  right  hand  corner  of  the 
1  li  inch  square  tools)  so  that  the  average  cut  taken  would 
liownward  thrust,  acting  as  nearly  as  could  be  arranged  in 
lire  line  of  the  tool,  so  as  to  prevent  any  twisting  action 
idue  load  upon  the  steel  centre  pointa.  Tlie  nose  of  the 
d  a  clearance  angle  in  plan  of  not  less  than  1  degree,  and  a 
ndius  was  ground  on  the  corner  between  the  two  edges, 
ont  clearance  was  6  degrees,  the  tools  being  used  with  tlie 
:  edge  on  the  level  of  the  centre  of  the  work.  The  form 
tniil  end  is  sln>\vn  in  ])Inn  and  elcviition  in  Figs.  ASZ  and  .■!34. 
(In  the  series  of  experiments  made  with  the  second  dyna- 
i-r  for  ehieidating  the  effect  of  different  values  of  the  angle 
11)  made  by  the  cutting  edge  with  the  lathe  centre  line,  the 
:  edge  was  still  kept  horizontal,  whether  the  plan  angle 
i.  4.".,  GTi  or  90  degrees.) 

The  results  of  the  series  of  trials  made  with  the  first  dyna- 
fr.  ill  which  the  vertical  component  only  of  the  cutting 
■  as  measured,  arc  given  in  Tables  1,  2,  3  and  4,  and  have 
ntled  in  Tigs.  ^-'0  t.i  :!i>!l. 

Tables  1  and  H  refer  tn  inedinm  cast-iron;  Tables  3 
I.,  s.ift  (fluid-pres-ed )  sli.-l:  these  being  the  nnly 
'!«  so  far  nsed  in  tlir-i-  ifi:iN.  The  former  material 
•whiit  harder  tluiii  nnliii.rrv  sh..p  ea^l-ir.m  (rulr  Man- 
i-e]".rt),  whilst  the   hirti  r  i-   ;i   lun-ii   but   not   verv  iiard 
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2f3.  Koferri.ig  to  tables  1  and  3^  the  first  two  colonma  give  the 
(laUi  and  niinilx'r  of  the  trial,  the  third  and  fourth  the  intendel 
(rut  and  traverse,  whilst  the  fifth  and  sixth  give  the  tool  in^ 
the  .seventh  and  (eighth  the  actual  cut  and  traverse,  andllieidnth 
pves  the  product  of  these,  called  the  area  of  the  cut    Column 
10  records  the  vertical  force  actually  observed  upon  the  tool  point 
whilst  number  11  gives  the  cutting  stress,  being  the  quotient  of 
the  cutting  fr)rce  (col.  10)  by  the  area  of  the  cut  (coL  9).   Column 
12  giv(\s  the  actual  cutting  speed,  and  column  13  the  horse-power 
reipiired  for  (rutting,  being  the  products  of  the  numbers  in  colnmna 
10  and  12  divided  hy  33,000.    The  last  column  contains  remaib 
as  to  thc^  stat<^  of  the  tool  at  the  commencement  of  each  trial  and 
r)ther  ]H»iiits  of  special  interest 

27.  Vor  lK»th  east  iron  and  steel  it  was  the  intention  to  mike 
trials  with  <*ach  of  four  different  traverses :  ^^^  inch,  ^  inch,  J  inch, 
and  i  inch,  and  with  frair  depths  of  cut  for  each  traverse:  J  inch, 
4  inch,  jj  inch,  and  i  inch.  This  scheme  was  carried  out  in  the 
case  of  th(i  cast-iron,  so  far  as  was  possible  with  the  means  aYiil- 
al)l(»,  for  each  of  the;  four  cutting  angles  of  46,  60,  75,  and  90 

28.  Table  2  indicates  the  scojh)  of  the  cast-iron  series,  and 
records  the  cutting  stress<»s  <»bser^^ed,  in  tons  per  square  inch,  for 
each  series  of  cuts  and  (»ach  of  the  four  cutting  angles  emplojcd. 

'2iK  The  ciittin^^  stresses  tabulated  in  Table  2,  which  are 
<»l)tain(Ml  l)v  dividin^^  the  <»l)si*rvetl  A'ertical  cutting  forces  by 
2,240  an<l  by  tin*  area  of  the  cut,  as  given  in  Table  1  (columns  10 
and  IM,  hav(!  been  averaged  for  each  traverse  and  tool  angle  in 
Fi<is.  ;;20,  :;21,  ;J22  and  :{2:5,  and  the  results  obtained  have  been 
j>lotr(Ml  ill  Kia-.  :)2s,  jis  onlinates  on  a  base  of  cutting  angleti. 

;50.  This  ])late  indicates  a  somewhat  lower  stress  for  wide  than 
for  tine  traverses,  although  this  concluson  does  not  appear  to  holJ 
in  its  rntirety,  es|>ecially  for  the  keenest  cutting  angle  used  (H 
ilciirccs).  it  nuiy  Iw  j)ointc<l  out  that  the  spots  plotte<l  in  Figs. 33^ 
Mild  .*»2I>  arc  not  ^inirl*'  ('X|M*rinients,  but  are  the  average  strewe 
for  all  <l('j)ths  of  cut  deduced  from  the  sloping  straight  lines  ol 
Ki.u>.;;20  to  :;2:l  (or  1m^^>.;;2  I  to  ;{27  for  steel).  These  sloping  line 
arc  drawn  so  ;is  to  allow  for  the  differing  degree  of  sharpness  o 
th(».  tool  used  in  ejich  experiment  depending  on  the  number  o 
])revious  runs  it.  had  had.  [The  small  figures  beside  each  spo 
on  tho  last-mentioned  ii^ures  indicate  the  number  of  trials  o 
whi<*h  the  tool  had  already  been  used  without  regrinding.] 
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31.  The  lines  are  drawn  straight  in  .t'igs.  S-20  to 

g  the  conclusion,  which  is  the  simplest  that  can 

rst  approximation  to  the  observations,  that,  for         r 

le  cutting  force  is  simply  proportional  to  the  ( 

«  cutting  stress  is  constant  for  a  given  wid  tra' 

ven  tool-angle.  The  positions  of  the  spots  in  I       J 

ire  be  viewed  with  botop  degree  of  coT\fidenpe 

TABLB   II. 
MitDiCM  Cakt  Ikon  Tkials. 
(,Spe*d  ■as  Feet  per  Minule.) 
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'ii.  The  variation  of  the  cutting  stress  with  the  cutting  angle 
I  Very  marked.  It  varies  by  nearly  one  hundred  [»er  cent,  of  its 
iiiaiicst  value,  which  takes  place,  in  every  case,  for  u  cutting  angle 
f  »l)out  flO  degrees.  As  8ulj«equeutly  shown,  however,  this  anglo 
f  niinimuui  cutting  force  is  by  no  moans  that  of  greatest  dura- 
ility.  A  cutting  angle  of  SO  degrees  is  that  indicated  na  l>eing  beat 
arahop  use,  and  the  cutting  stress  for  this  angle  is  about  75  tons 
w  square  inch, 

•iS,  In  Table  y  tho  results  obiuiiicil  in  tlic  e.\j»eriments  on  soft 
Siiid-pressed)  steel  are  rcc.inli'd  in  the  same  manner  as  already 
escribed  for  caj^t-irori. 

34,  In  the  series  of  trinls  with  soft  (Huid-pressed)  steelj  the 
'bino  of  trials  meiitiiuuMl  jihcivr  wjis  commeneed  and  half 
^mpleted,    as   shown    in    Tublc    4,    but    as    by    that    time    the 
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second  dynamometer  was  ready  for  work  a.  new  schednle  on  triib 
waa  made  out  and  executed,  and  will  be  described  later  on. 

35.  Table  4  gives  for  soft  steel  the  same  results  as  were  tiW 
lated  in  Table  2  for  cast-iron.  The  cutting  stresses  in  thk  ttUi 
liavo  again  been  averaged  for  each  traverse  and  tool-angle  hj  (k 
[jietliod  shown  on  Kig^i.  324  to  327,  and  the  results  obtained  for 
thom'in  Ihti^  way  liave  been  plotted  as  ordinates  on  a  base  of  to4 
iingk'8  iu  Fig,  JiU, 

TABLE   IV. 

SovT  (F1.111D-PRB8BKD)  Btbrl  TmAUk 

(SfMAl  00  F>ft  ptr  Minvle.) 

NiinihrrH  of  Tr!iit«  for  Kcfvreiicn  u  In  Table  III,  ind  OMIbk  StnnM AldKcL 


A  Inch. 


TcK,JA«Bl.-"  lj^,,.i 


I 


ft7.4  M.g 


i    4    I    f 


;Hi,  'I'lie  variation  of  the  cutting-stress  with  the  triTeneindt 
OLse  of  .soft  steel  is  somewhat  complicated.  For  keen  entting  n^ 
(l>rio\v  TT)  (legn^es)  fine  traverses  require  less  cutting  force  th» 
wide  niics.  wliikt  for  bhint-nosed  tools  {i.e.,  cutting  angles  fft^ 
tlijiii  7i"i  degrees)  the  reverse  is  the  case,  and  the  fine  ttaTCMBOt 
Ti-(]nirori  tlie  greater  effort  to  remove.    At  a  cutting  angle  of  75d(- 
gi'oes  the  stress  is  the  same  whether  the  traverse  be  -^  inch  orj 
inch,  and  lias  the  value  of  almut  100  tons  per  square- inch.   I 
enrions  to  remark  that  this  angle  of  75  degrees  is  also  abont 
best  angle  for  shop  iLse,  as  shown  by  the  durability  triab  ml 
qiioiitly  to  be  cited. 

37.  We  may,  therefore,  say,  with  some  confidence,  that  ti< 
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nary  shop  tool,  when  cutting  soft  steel  of  this  quality,  exerts  a 
ieal  force  of  100  tons  per  square  inch  of  area  of  cut  removed 
spective  of  the  proportion  of  width  of  traverse  to  depth  of  cut 
may  be  pointed  out  that  98.5  tons  per  square  inch  was  obtained 
he  Manchester  experiments  as  the  average  cutting  stress  for 
endurance  trials  on  soft  steel  (Table  20  of  Report)  in  which  one 
>e  of  tool  was  used  throughout,  the  cutting  angle  being  about 
legrees.  The  tool  is  figured  on  page  256  of  the  Report  Ao- 
ling  to  the  results  of  Fig.  329,  the  stress  on  these  endurance 
Is  ought  to  have  been  about  88  tons  or  even  less,  as  the  speed 
90  feet  instead  of  50  feet  per  minute,  but  it  must  be  remem- 
id  that  the  electrical  method  of  measuring  the  cutting  force 
ti  which  the  figure  98.5  was  deduced  includes  not  only  tiie  ver- 
1  work,  but  also  that  done  in  pushing  away  the  shaving  over  the 
'  of  the  tool,  and  ought  in  most  cases  to  give  a  greater  value 
the  (nitting  stress  than  that  attained  with  the  dynamometer. 
agreoiiuMit  is  therefore  very  close,  and  the  two  results  are 
uullv  oonfinuatorv.l 

Exprriwnits  on  Durability  of  Different  Cutting  Angles. 

X,  All  the  above  trials  were  made  in  the  endeavor  to  determine 
laws  of  the  variation  of  cutting  force  with  tool-angle  and  with 
|K»  of  cut.  It  was,  however,  d  priori  to  be  expected  that  the 
-angle  which  gave  the  smallest  cutting  force  would  also  prove 
most  (lurablt*  or  remove  the  greatest  weight  of  material  before 
un».  As  this  is  a  point  of  even  greater  practical  importance 
n  the  other,  two  further  series  of  trials  were  projected,  one  on 
soft  8t(»el,  the  other  with  the  medium  cast-iron,  for  the  purpose 
fin<Iing  the  cutting  angle  to  be  commended  for  shop  use. 
ift.  In  the  cast-iron  series  a  cutting  speed  of  44  feet  per  minute, 
h  a  cut  f\  inch  deep  by  y'^  inch  traverse,  was  decided  upon, 
i»r  alK»ut  fif tc*en  preliminary  trials  had  been  made.  It  was  found 
:hese  preliminary  exj)eriiuents  that  a  foot  per  minute,  more  or 
t,  in  the  cutting  speed  made  a  great  difference  in  the  duration 
he  ex|K'riment;  and,  as  time  and  material  had  to  be  economized, 
careful  adjustment  of  the  speed  was  necessary  to  ensure  uni- 
in  and  con^^istent  results.  Cutting  angles  of  less  than  60  degrees 
V  excluded,  but  it  was  decided  to  use  tools  of  60,  65,  70,  76,  80, 
nnd  *M)  degrees  cutting  angles,  and  to  run  them  at  the  above 
*d  exactly  until  they  failed. 
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The  results  are  given  in  Table  5.  This  table  contsina  tlie 
trial  numbers  and  dates,  the  intended  and  actual  cuts  ind 
traverses,  the  angles  of  the  tools,  and  the  time  required  to  ftfl 
them ;  or  the  duration  of  the  nm.  (The  plan  angle  was  45  degrees 
throughout.) 

TABLE  V. 
Failurr  Triai.8  with  Diffbrbnt  Cuttino  Anglbb  oh  Mbdium  Gar  Ink 

Intended  cut.  A  Inch  :  trayeme,  ^  Inch  ;  eatUng  ipeed,  44  feet  pw ! 


Date. 


1903. 
Dec.  17... 

Pec.  23... 

•  •  • 

... 

•  •  • 

•  •  • 

19<)4.  '    * 
Jan.  6  . . .  . 

•  • . . 

<< 

.... 

<  < 

•  •    • 


Actual 

Nuinlwr. 

. 

Actiul 
Area. 

Angle 
otTotA. 

SlwoT 
Tool 

Cut. 

Travewe. 

,•561 

0.1815 

0.0625 

0.01184 

^- 

Sg.Im. 

502 

0.1815 

0.01184 

00 

563 

0.1880 

0.01144 

65 

564 

0.1745 

0.01090 

65 

566 

0.1875 

0.01178 

70 

567 

0.1715 

0.01071 

70 

5($8 

0.1815 

0.01184 

75 

56!) 

0.18(K) 

o. 01125 

75 

570 

0.1770 

0.01106 

80 

573 

0.1880 

0.01144 

80 

574 

0.1825 

0.01141 

a5 

576 

0.1710 

0.01068 

85 

575 

0.1670 

0.01048 

90 

577 

0.1710 

4  ft 

0.01068 

90 

DuatkNi 
ofTrltf. 


40.  The  times  of  failure  or  durations  of  these  runs  are  plotted 
as  onliiiiitcs  on  a  base  of  tool-angles  in  Fig.  330.  From  IhUeS 
and  Viix,  :]:]{)^  it  is  clearly  seen  that  a  cutting  angle  of  from  75  de- 
grees to  SO  (legr(»es  with  tools  of  45  degrees  plan  angle  were  4» 
most  durable  for  nKMlium  cast-iron.  Afl  the  cut  (-^inch)  was  Mnfr 
wliat  shallow,  and  the  tool  point  had  a  small  radius  (about  A  i^) 
in  ])lan,  the  sliaving  moved  oflF  in  a  direction  nearly  perpendieiiltf 
to  the  axis  of  the  work,  instead  of  at  right  angles  to  the  euttipg 
e(lge  of  tlie  tool  (45  de<>'rees  in  ]>lan).  This  means  that  tbeaetvil 
cnttint;-  an^le  measured  in  the  direction  of  motion  of  the  shanag 
(in  plan)  [or  the  true  euttin<r  angle  as  "por  Manchester  Beport, 
|).  '2'Ht\  was  about  St  dc'^rccs. 

41,  Tools  should  therefore  be  ground  for  maximum  etodnraMf 
in  the  euttin*>"  of  east-iron  in  ordinary  shop  practice,  so  that  theit 
tru(*  eutting  angh's  are  al^out  SI  degrees,  or  if  they  are  allowed 
r»  (It'^nM's  elearanee  for  working  on  the  level  of  lathe  centreSi  thej 
should  have  an  included  angle  of  about  75  degree 
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MEDIUM  CAST  IRON. 

«  OF  CUTTING  aTREM  WITH  ANQLE  OF  TOOL 
(DIFFERENT   TRAVERSES) 
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42.  The  series  of  trials  made  to  determine  the  most  durable 
angle  of  tool  for  the  rapid  cutting  of  steel  had  to  be  run  at  a  speed 
of  75  feet  per  minute,  in  order  to  secure  failure  in  a  reasonable 
time  on  the  cut  of  ^  inch  by  ^  inch,  which  had  been  decided  upon. 
Unfortunately  the  soft-steel  shaft  supplied  by  Messrs.  Whitworth 
(originally  22  inches  diameter  and  9  feet  long)  was,  by  the  time 
the  trials  now  referred  to  were  commenced,  reduced  to  a  diameter 
of  less  than  6  inches  in  parts,  and  the  vibration  which  sometimes 
ensued,  together  with  the  difficulty  of  getting  sufficient  length  of 
parallel  bar  for  a  failure  trial,  prevented  the  series  from  giving 
a  quite  conclusive  result  with  regard  to  soft  steel. 

Table  G  and  Fig.  331  give  the  figures  and  show  the  nature  of 
the  results  obtained. 


TABLE   VI. 

Failure  Trials  with  Different  Cutting  ANdLBS  on  Soft  (Fluid- 
Pressed)  Steel. 

Intt'iidt'd  cut,  i  inch  ;  traverse,  \  inch  ;  cotting  speed,  75  feet  per  minuto. 


Datk. 


Nuinhrr. 


1!)04. 

March  10.. 

805 

>  ( 

cSOO 

,  < 

HOT 

■  < 

H09 

■  ft 

810 

sil 

•  < 

SI  2 

'  • 

.si;j 

MairlilS.. 

S14 

^m 

Actual 


Cut. 


Traverse. 


0 .  246 

0.125 

0 . 2287 

0.125 

0.229 

0.12.5 

0 .  256 

0.125 

0.267 

0.125 

0.2495 

0.125 

0.2415 

0.125 

0.2067 

0.125 

0 .  265 

0.125 

0.24:55 

0.125 

Actual 

Angle 

Size  of 

Dnration 

Area. 

of  Tool. 

Tool. 

of  Trial. 

Deq. 

Sq.In. 

Mln.    Sec. 

0.08075 

55 

5     10 

0.0286 

60 

3       0 

0.02864 

65 

1^ 

6     15 

0.032 

55 

8       0 

0.0834 

60 

6    35 

0.0314 

65 

12    20 

0.08015 

70 

19      0 

0.02585 

75 

19    85 

0.03815 

55 

3    25 

0.03045 

75 

24    80 

Remark^ 


Not  failed. 


Not  failed. 


TUo  scries  is  to  l>e  repeated  with  medinm  steel. 


1:J.  A  further  series  of  trials  to  determine  the  most  durable 
(  uttiiii!"  anale  of  tool  for  steel  was  carried  out  with  the  remainder 
of  tlie  l)ar  of  medium  fluid-pressed  steel  used  in  the  Manchester 
( ^)nnuit  tech's  exj)criuieiits. 

4  k  1  lie  trials  above  reported  with  the  soft  steel  bar  proved  in* 
eonelusive  in  their  results,  as  the  bar  had  become  so  reduced  in 
diameter  that  a  run  of  duration  sufficient  to  fail  a  tool  was  with 
(lifHeulty  attainable,  and  excessive  springing  of  the  work  and 
eliattcrinii;  of  the  tool  took  place.     The  medium  steel  bar  had, 
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er,  still  a  diameter  of  twelve  or  thirteen  inches,  and  its 
allowed  of  long  runs  beings  taken.  Two  series  were  made, 
74  feet  per  minute,  the  other  at  73  feet  per  minate,  cutting 
;  the  cut  in  both  cases  being  ^  inch  deep  and  J  inch  wide. 
7  records  the  results  obtained. 


FAILURE  TRIALS  Wn 


S  CUTTINQ  ANQLES 


'- 

"-M 

■M 

•  ^ 

::fcriJ„.j;i:., 

:  ar<*  iilortcil  niso  ii 
H-inf;  !4rt  up  <>u  a  1 


;.  -d'-'-^;  tlic  ilunitions  of  the  Tarious 
iif  cutting  angles  of  tho  tools  em- 


•n  altogether  t]u'>;(!  trials  sconi  to  show  that  a  cutting  angle 
it  70  degrees  (incluiled  angle  0.1  degrees)  is  that  which  will 
^  hmgest  ill  rji]iid  eutlliig.  Tlie  |)liin  iingle  of  tho  cutting 
UA  4r>  degn'es  tlirouglmnt.. 

Exi>erl»u-ul.i  irilli  f'iiir''rN<il  Dyiiainomeki: 
Y\ic  wope  (if  the  jteries  of  Irials  with  the  aeennd  or  nnivereal 
f  dynamonietor,  in  w)iieh  the  tlinists  in  Imth  horizontal 
■ns,  38  well  as  in  the  vertieal  iHrection,  were  measured,  is 
•(]  no  far  as  carried  out  n|)  lo  <]iit<;,  in  the  annexed  schedule. 
")ne  Hcrios  was  projected  in  wliieli  all  the  tools  were  to 
e  name  cutting  angle,  viz.,  .'i.l  degrees,  bnt  four  different 
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plan  angles  of  the  cutting  edge,  viz.,  22J,  45,  67}  and  90  degree. 
In  the  other  series  a  common  plan  angle  of  45  degrees  was  to  Ik 
preserved,  with  cutting  angles  of  either  45,  60,  75  orSOdegreo. 


TABLE  Vn. 

KBRKST   OCTMNO    ANALBS   ON   MSDIDH  (FW^ 

Fukssed)  Stbel. 

L',  t  inch.    SerLeta.    Colting  apeed,  74  fed  pcf  mJaolt. 
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.03068 
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0    iS 
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.08018 
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1    13 

.125 

.08000 

65 

4    37 

.nr> 

.03038 

a  10 

,125 

.02918 

75 

8    41 
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fwtpCTIII 

nnte. 

,244 

,135 
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fiO 

S    10 

,125 
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«.n 

6    43 

1    ,3:i0 
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.08875 

70 

7    80 
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,135 

.02890 

75 

10    37 
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.125 

.08940 

80 

9     S 

EXPEKIMKN 
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KeperimenUi  with    Unin-. 


hyna. 


SCHEDULE   A. 
r  Skrikr  :   Vahiablk  l'L*K  Anqi.k.:   CuiTiNo  .^ 

(Spted,  50  Feet  per  Miuult.) 
>f  KiiMlmuil*  tut  Kefemice  lu  Titblu  \1l  gud  VIII.    ULnit 
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47.  The  obscrvntioiis  obtained  in  these  two  series  of  I 
(Sfhodiilcs  A,  B  Hiitl  C)  witli  tlie  second  or  univeTBil  type  d 
tlyuaiiioiiictci'  give  the  tlirce  conixmnents  of  the  total  thnut  of 
tlic  Mork  on  the  tool  point,  viz.,  the  force  acting  verticiil];  down- 
Avards  (V),  the  force  acting  horizontally,  parallel  to  tiie  uia 
iif  tliu  work  and  tending  to  thrust  the  tool  to  the  right,  or  dm 
it  in  to  the  left  (T  or  —  T),  and  the  horizontal  force  acting  pff- 
pi'tidiciikrly  to  the  centre  liuc  of  the-  work  which  tends  to  thrwt 
the  tool  backwarda  (S). 


4S,  Thr  kiiowleilgo  of  thpse  tiirec  comjxmcnts  enables  the  nuff 
niliidc  iirul  dii-ei-tion  of  tlie  resultant  force  {K)  to  be  determinei 
I'i;;'.  '■'•'■'A  n'lucsents  tlii'  tool  and  cut  in  plan,  a  b  being  tlB 
cutting  edgt',  c  d  h  f  tlm  edge  of  the  work  in  section,  dbe^i 
the  section  of  the  cutting  which  ie  in  course  of  removal  Xta 
:urt.tinl  point  <.if  application  of  B  is  of  course  unknown,  but  wiUli* 
taken  for  cimvcnienee  at  a  point  o  on  the  cutting  edge  midwV 
Kchvccii  (/  aii.l  /(  'j'lic  lims  tl  h  and  b'  g  represent  tlio  dirMtiM 
I'f  motion  of  the  icmoved  shaving,  which,  for  deep  onta,  W 
found  to  be  perpendicular  in  a  b. 

4!'.  From  o  draw  'T  and  8  equal  to  the  traversing  and  surfacii^ 
ffirccs  (as  above  described);  tlien  the  resultant  of  these  two  foW 
(//)  (aeting  at  the  angle  y  to  S)  k  the  total  horizontal  componH"' 
of  n.'SuUiint  It. 
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If  we  dene  to  the  plan  angle  of  the  cutting  edge  by  /J,  and  the 
gle  made  by  //  with  the  direction  of  motion  of  the  cutting  (i.e., 
?  perpendicular  to  ab)  by  <^,  we  have  also  6  =  fi-^  y. 
50.  Referring  now  to  Fig.  333,  which  showff  a  vertical  sec- 
n  of  tool  and  work  in  the  plane  containing  H  (and  i?),  the 
i\  cutting  angle  of  the  tool,  called  a,  is  shown  dotted  by  zaWj 
lile  the  angle  zox,  called  a^^  is  the  cutting  angle  measured  in 
e  direction  of  tlie  force  H.  Let  i^  be  the  angle  between  the 
rce  -K  and  ov  peri)endicular  to  ox.  Then,  drawing  V  and  H 
shown,  we  have: 


■^  =  tan  (180  —  ath  +  t)  =  tan  i,  say,  where  i  =  180  —  {a^  +  ^), 

the  inclination  of  Ji  to  the  horizontal ;  and  Jt=ff  ^^  1  +  tan*  *. 

Iso  tan  au  =  -    -  ^ ;  so  that  a„  and  ^  are  known. 
"      cos  d  u  T 

51.  The  values  of  those  and  other  quantities,  which  have  been 
orked  out  for  all  the  trials  made  on  the  Whitworth  soft  fluid- 
rctised  stool  with  the  universal  dynamometer,  are  given  in  Tables 
,  9  and  10. 

52.  In  these  Tables,  coliunns  1  and  2  give  the  number  and  date 
f  the  trial,  columns  3  and  4  the  plan  and  cutting  angles  of 
wl  employod,  columns  5  and  6  the  actual  depth  of  cut  and  width 
f  travorso,  column  7  the  product  of  these,  called  the  area  of  the 
ut,  and  column  8  the  actual  cutting  speed  at  the  mean  diameter 
f  the  work.  Colunms  9,  10  and  11  record  the  results  of  the 
lynamometer  observations;  the  traversing  force  (T)  is  the  force 
xerted  by  the  tool  when  cutting — ^to  push  the  saddle  and  rests  to 
ke  right;  the  surfacing  force  (S)  is  that  exerted  by  the  tool  to 
pring  the  rest  backwards,  and  the  vertical  force  (V)  is  that  push- 
^  the  point  of  the  tool  dirc^ctly  downwards.  Column  12  gives 
he  ratio  of  T  to  5  from  which  y,  the  angle  of  inclination  to  8  of 
hr  resultant  horizontal  force  (//),  can  be  found  from  the  formula 
ivi»n  al)ovo.  This  force  (II)  is  tabulated  in  column  18.  From 
hp  ratio  of  VOI,  given  in  column  14,  the  angle  (i)  of  inclination 
'>  the  horizontal  of  the  resultant  force  (/Z),  which  acts  upon  the 
'>«1  point,  can  be  found  as  given  above;  this  angle  is  also  tabulated 
'i  eolunm  14  and  the  force  (R)  itself  in  15.  Columns  16  and  17 
*ive  the  cutting  angle  ««  of  the  tool  measured  in  the  direction 
f  the  force  II,  and  the  angle  of  inclination  (  ^  )  of  i2  to  the  nor- 
^1  to  the  top  surface  of  the  tool. 
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53.  Columns  18  and  19  give  items  of  some  practical  importance, 
viz.,  the  ratio  which  T  and  8  bear  to  F.  As  a  full  knowledge  of 
V  for  many  cuts  and  traverses  has  been  given  from  the  results 
of  the  experiments  with  the  first  dynamometer,  the  percentage 
ratios  now  given  will  enable  the  surfacing  and  traversing  forces 
themselves  for  those  shapes  and  areas  of  cut  to  be  found. 

54.  It  is  not,  however,  to  be  assumed  that  T/Y  and  81V  hata 
the  same  values  for  the  cutting  of  cast  iron  as  those  now  given, 
which  are  for  soft  (fluid-pressed)  steel ;  further  eacperimenta  aie 
required  to  determine  these  values  for  cast  iron. 

55.  Column  20  gives  the  horse-power  required  for  cuttings  be- 
ing the  result  of  multiplying  the  actual  cutting  speed  by  the  ver 
tical  force  7,  and  dividing  by  33,000.  Column  22  gives  the 
cutting  stress  in  tons  per  square  inch,  and  is  got  by  dividing  the 
vertical  force  (F,  col.  11)  by  the  area  of  the  cut  (coL  7)  andl^ 
2,240. 

5G.  In  the  Tables  the  tests  are  arranged  in  the  same  way  is  in 
Sc'Uodules  A ,  B  and  C,  viz..  Table  8  refers  to  experiments  with 
variable  plan  angle  of  tool,  the  cutting  angle  being  55  dq;iees 
throughout.  Table  9  refers  to  a  special  series  made  with  one  and 
th(»  same  tool  (07i  degrees  plan,  55  degrees  cutting  angle)  at  seven 
different  s])eod8  from  dead  slow  to  84  feet  per  minute,  the  cut  being 
-^  inch  by  ^  inch ;  whilst  Table  10  records  the  results  of  tests  made 
with  tools  of  various  cutting  angles,  the  plan  angle  being  conatant 
thronghout,  and  equal  to  45  degrees. 

57.  Certain  of  the  results  in  these  Tables  have  been  aekctad 
for  ^^ra])hic  rcprc-sontation  in  Figs.  336,  336,  387,  338  and  8M. 
Fi^.  ^*V^7y  (loj)icts  the  variation  of  the  surfacing  and  traversiaf 
foivcs,  cx])n'sstHl  as  j)erc('ntages  of  the  vertical  force,  withtk 
<liff(M-cnt  ])lan-anfrles  of  tools  employed,  viz.,  22-^,  45,  67^,  andM 
degrees.  [This  angl(»  is  shown  and  called  p  in  Fig.  334  and fV* 
o.'5tL  I  AVe  s<»e  that  the  traversing  force  ratio  varies  but  Bttk 
and  irregularly,  and  is  of  smaller  importance  than  the  anr&cing 
foree. 

r>8.  Tli(^  surfacing  force  ratio  is  seen  to  have  its  smallest  vahw 
for  tools  with  a  plan  angle  of  45  degrees  (the  cutting  angle  being 
55  (legre(\s).  This  minimum  varies  from  33  per  cent  of  V  i^ 
light  (Mits  to  1  s  per  c(Mit.  of  T'  for  heavy  cuts.  On  the  other  hand, 
the  ])ercentag(^  sometimes  rises  to  nearly  40  per  cent. 

51).  In  Pig.  0'5()  curves  liave  been  drawn  showing  the  variations 
of  tin*  same  p(  rc(»ntages  with  tools  of  different  cutting  angles,  «D 
the  tools  being  gromid  with  a  45  degree  plan  angle. 


i 
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«th  the  r/F  and  the  S/V  ratios  are  seen  to  pass  throngli 
n  values  in  the  neighborhood  of  55  degrees.  The  mini- 
lues  of  the  percentage  ratio  of  surfacing  to  vertical  force 


OFsunrACim  &  TRAvensiha 

ITH  DIFFERENT  PLAN  AHOLES. 
a  ANQLE  S^THROUQHOUT). 
r  STEEL  (Fluid  p^nea). 


OUTTINO  ANOLES 

Pro.  838. 


CUTriNO  ANQLE  OF  TOOU 

Fia.  338. 


m  25  per  cent,  for  light  to  18  per  cent,  for  heavier  cuta. 
right  angle  for  the  cutting  angle  and  for  light  ciit«  thia 
y  attain  80  per  cent,  of  K  Tf  V  is  again  not  so  important 
but  it  may  reach  20  per  coiit.  wiili  obtugft  mttitig  nnglw. 
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61.  It  is  curious  to  observe  that  whilst  8/V  dinunishes  u  fhe 
cut  gets  heavier,  the  reverse  takes  place  with  T/  F.  This  is  dearlv 
shown  in  Fig.  337,  where  the  results  of  experiments  No.  713  a, 
hy  Cj  dy  6,  and  /,  made  with  a  single  tool,  are  plotted  for  different 
depths  of  cut  from  ^  inch  by  ^  inch  to  ^  inch  by  ^  inch  (tool  4S 
degrees  plan,  55  degrees  cutting  angle). 

()2.  Fig.  338  shows  how  (i),  the  angle  of  inclination  of  B.  to 
the  horizontal,  alters  with  tools  of  different  cutting  angles  (plan 
angle  45  degrees).  It  also  shows  how  the  angle  of  inclinatioa 
( ^  )  of  JfJ  to  the  normal  face  of  the  tool  is  affected  by  changing 
the  value  of  the;  cutting  angle. 


XitvlDvH  ^1.  T. 


Fig.  839. 


TriiilM 
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(i3.  The  inclination  of  7?  to  the  i>erpendicnlap  to  th©  toolfif* 
( 'A  )  is  remarkably  constant  for  all  tools  except  the  keenest  B 
does  not  vary  by  more  than  one  degree  for  tools  of  56,  75  lad 
(legreos  cutting  angle,  the  average  value  for  these  being 
31)  degrees. 

t;4.  Tlie  angle  /=^  [  ISO  —  (a^y  +  ^)]  at  first  increases  tf* 
then  (liniinislies  as  the  cutting  angle  gets  more  acute.  It  attains! 
ina.\inniui  valne  of  7S  degrec^s  at  a  cutting  angle  of  55  degrees, it 
which  V,  T I'V  and  S/  V  are  a  minimum.  Fig.  33f)  shows  someof 
tliese  variations  in  a  nion*  realistic  manner.  The  lower  and  ujf^ 
views  are  of  tlie  ?ain(»  kind  as  already  described  in  Figs.  333  vA 

G5.  The  exiieriments  (numbered  726  to  732  inclusive),  tte 
results  of  which  ar(»  given  in  Table  9  are  of  special  inteTest » 
regard  to:  first,  the  variation  of  the  cutting  force  as  the  cnl 
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at  a  very  low  speed;  second,  the  variation  of  the  I'uttiug 
«fl8ea  with  large  ranges  of  speed  variation. 
66.  These  experiments  were  made  with  a  tool  having  a   55 
grees  cutting  ami  a  fi7J  derees  plan  angle;  a  ent  §  ineh  deep 
I  inch  wide  being  taken. 

Varlnll'in  (if  Cuttlnit  Poreei  at  Cut  pmerenKW.    Speed,  Dead  SIdir. 
Botl  SleeUflniii  pre«Bd).     »4tn.  puI.    «  In.  tmvi-rw, 
t*^  Tool  AoglM  H'ciUllnB.  KW'plan. 
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Fio.  840. 

B7.  For  iHiniliers  72iJ  and  726  the  Inthe  was  turned  round 
»  cutting  ?|teecl  of  about  1  foot  in  5  hours,  by  means  of  a  wiro 
pe  made  fast  round  tlio  largo  cono  pulley,  and  hauled  upon  by 
nu  operating  a  winch. 

68.  A  pointer  about  Ii  feet  long  was  clamped  upon  the  forging, 
"1  the  four  <ljiiinnoineter  gauges  were  read  at  every  half  an 
di  of  moti'in  of  the  end  of  this  pointer,  i.e.,  at  about  six  oue- 
indredtha  (O.IIC25)  of  an  inch  of  the  ent.  The  vertical  force 
riesfrora  HOSO  to  8920  every  g  of  an  inch  of  motion  of  the  tool, 
i  ume  wave  length  characterizing  the  variatioti  of  the  surfac- 
f  ind  traversing  forces.  The  observations  have  been  plotted 
rig.  340  oil  a  base  of  actual  relative  tool  motion. 
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09.  A  similar  exiieriment,  No.  636,  carried  out  Trith  the  fo* 
ihnjunometer,  is  sliown  in  Fip.  341.  Here  the  cut  was  heavier,  j 
inch  by  J  inch,  and  the  tool  had  a  45  degree  plan,  and  60  degim 
cnttiiitr  angle.  The  wave  lenfjth  of  the  force-carve  is  abontO.6 
iiicli  for  this  cxperinietit,  and  it  varies  between  13,000  and  ft.OO0 
poHiiiIs,     It  will  lit'  obi^erved  tliat  the  foree  attains  a  masimnni 


niaernm  nf  Ciittlni;  Fome  on  Sott  Steel.    Etqrt.  Ko.  tat 
Ffl..  1, 1904.      Sjwfid  1  fiKit  tn  **  honr*.      H  In.  Cat. 
il  AnglMIID°cutUDS.  tS^plan. 
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Hi;  enintnpncos  to  crack  or  shear  across,  *■ 
iltniuii  when  the  Hinall  piece  of  cutting  filk 
iirh  :i  kIow  speed  as  this  the  cutting  has  tJ* 
)s:i  in  separate  fragments,  whereas  it  fonH 
•oii-iiilcraiile  rif^idity  when  the  cutting  spwi 
linutp.     These  fragnienta  measiirti 
lull  jicroHs  the  widest  part  of  th« 
>1  in  the  direction  of  motion. 
32   show  a  constantly  dinunishinf 
[■titfiiii;  stri'ss  a-^  riLc  spccil  increases  up  to  84  feet  per  minute,  w* 
wiih^t:uKlliig  the  faft  that  tlio  same  tool  was  used  upoa  the  whdf 
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sries  of  cuts  without  regrinding.  The  results  of  these  trials  are 
liown  firaphieally  in  Fig.  343.  In  psperiment  732,  wheu  ruiuiiiig 
4  feet  per  iiiimite,  tlie  tool  was  removing  matona]  at  the  rate 
f  12.3  pounds  per  minnte;  but  failure  ensued  in  one  minute 
welve  seconds, 

71.  Further  eomnient  on  the  resnlts  of  these  experiments  ia 
E>st'n-pd  UTilil  the  heavier  euts  required  to  complete  the  series 
ave  heen  made. 
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T0..1  i.ii«l«  M°tiiItlnE,  ilil*°iiliin. 
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Fin.  843. 

72.  Ill  conclusion,  the  author  desires  to  record  his  p^ent  in- 
'f'huiiiieiw  lo  the  following :  llr.  Dempster  SiniUi,  Demonstrator 
'f  Jlfi'chaiiical  Engineering  in  the  School  of  Technology,  for  as- 
istaiice  in  (he  lahorious  work  of  compilntioii  and  reproduction  of 
he  resuhw.  To  Mr.  J.  T.  Hodgson,  Meehanicnl  Superintendent, 
*y  whose  cure  and  ingenuity  tho  difficulties  connected  witti  the 
■onstructiiJii  und  successful  use  of  the  dyuamometerH,  which  were 
onstnicled  in  the  school  workshops,  were  eventuaUy  overcome; 
;nd  to  Mr.  (',  fVmps,  turiier,  who  carried  out  all  the  trials  not 
'nly  of  i\m  series,  hut  of  those  fur  the  Maiiche«ler  Committee. 
The  couf-isicncy  of  the  results  ohtnined  is  hirgely  due  to  the  high 
legree  "f  inielligence  and  skill  displayed  by  him. 
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DISCUSSION. 

21  i\  llarviiujion  Emerson, — You  have  spoken  of  the  revolih 
tionarv  chariictcr  of  the  diseoverv  made  bv  Messrs.  White  and 

I'  t.  c 

Taylor  in  inacliinc*  s^hop  practice  by  developing  these  new  cutting 
stoc^Ls.  In  studying  that  question  and  in  working  with  these 
now  cuttiiifr  steels  1  liavo  found  tliat  they  have  led  to  something 
that  seoins  to  mo  even  more  valuable  than  their  power  to  remove 
metal  rapidly. 

Mr.  Tavlor  has  made  a  verv  intimate  time  study  of  operations, 
an<l  it  was  because  he  was  making  this  time  study  that  he  wa?  W 
to  the  diseoverv  of  this  steel.  He  found  that  there  were  certain 
steels  that  cut  more  rapidly  than  others.  This  fact  instantly  far 
einated  ilr.  Tavlor,  and  he  wanted  to  know  why  it  was.  His 
associate,  ilr.  White,  analyzed  different  steels,  and  found  there 
was  practically  no  difference  whatever  in  the  analysis.  Tlie  tem- 
pering treatment  was  next  studied,  until  the  diseoverv  was  made 
that  when  steels  of  certain  comj)osition  are  heated  almost  to  the 
melting  point  and  then  cooled  very  rapidly  they  acquire  the  power 
to  cut  at  a  v(»rv  high  speed  and  at  a  high  temperature. 

But  this  is  the  ]>oint  that  I  wish  to  demonstrate.  Recently  in 
an  oj)eration  perfornuHl  by  on(^  of  tho^e  high  speed  steels  we  were 
able  to  reduce  the  former  tim(»  of  40  hours  to  20  hours:  but  for 
those  1^0  hours  the  steel  was  cutting  only  3J  hours.  Xow,  if  w 
could  find  a  st(^el  that  would  cut  in  no  time  at  all  it  would  only 
save  IJi  hours.  In  the  other  IG^  hours  we  could  undoubtedly 
save,  ])y  careful  analysis  and  study  of  every  single  operation, 
more  tlian  tlie  three  and  a  half  hours  that  is  now  taken  in  the 
cutting  operation.  Tlie  particular  value  that  I  have  found  in 
these  steels  is  that  it  leads  the  man  who  is  directing  operations 
with  them  (o  study  (»very  single  p5rt  of  the  whole  operation, 
the  ([iiality  of  the  castings,  the  centering  of  the  pieces,  the  speeds 
of  the  lathe,  and  so  on,  and  if  this  is  done  it  \vill  be  found  that 
there  is  more  time  gain  to  ])e  made  by  cutting  out  wastes  than  by 
the  greater  capacity  of  the  steel  alone.  In  other  words,  taking  the 
same  operation  in  two  different  machine  shops,  one  machine  shop 
with  a  high  s]^eed  steel  and  the  other  machine  shop  the  ordinary 
carbon  steel,  ])nt  with  every  single  detail  element  toned  up  to  its 
uttermost,  and  I  venture  to  say  that  the  shop  with  the  carbon 
steel,  but  with  everything  else  tuned  up,  will  do  faster  work  than 
the  shop  using  higli  cutting  steel,  but  go  as  you  please  in  other 
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pects.     Ciivo,  however,  the  w-cll-regiilotfii  shop  good  steel  in 
.lition  to  its  otlier  economics,  and  the  results  arc  astouisliiag. 
Mr.  John  McGeorge. — I  ain  not  surprised  thnt  our  friends  hesi- 
e  to  discuss  this  paper.     It  requires  digeation.     I  waot  to  ex- 
?98  my  thanks  to  the  author  of  tlie  paper  for  it.     It  cleara 

points  on  wliich  I  have  been  lookinj^  for  information  for  a 
ig  time.  There  is  not  only  the  value  of  the  information  on  the 
I'ed  of  cutting,  but  the  valne  of  the  paper  consists  largely  in 
fonnation  that  it  gives  ns  with  regard  to  the  retiuisite  strength 

the  macliine.  I  liad  to  go  through  a  little  esperienee,  not  long 
;o.  with  the  breaking  down  of  one  or  two  tools  jnat  at  the  time 
i-y  w<'re  r<'qiured  for  work,  because  they  were  forced  a  UttJe 
yond  tlu'ir  usual  capacity,  and  it  seems  to  me  that  it  was  just 
ir  tlie  want  of  such  information  aa  this  that  those  tools  broke 
i«Ti;  they  liad  not  the  requisite  strength  in  the  parts  where  it 
as  n'quired. 

I'siially  nianufaclurers  are  too  busy  getting  out  orders  to  go 
itn  these  matters,  and  all  that  I  have  gotten  up  now  for  is  to  ask 

I'nif.  I{<'njaniin  wouhl  try  and  secure  his  share  of  that  money 
lut  liiis  just  gone  to  our  own  institute  (the  Case  School),  to  enrry 
111  fully  siiiiie  experiments  in  this  direction,  not  only  with  lathea, 
ui  nidi  regar<]  lo  other  tools  as  well,  the  planer,  giving  the 
lie  thrust  and  the  ui>  thrust,  and  in  all  directions;  the  sanio  with 
"'  iLiiller,  and  the  same  with  the  drilling  mnehine,  to  find  out 
■licri'  the  stress  comes  exactly,  because  we  know  the  directions 
f  stniiTis  are  very  ci>m]dicated,  and  we  do  not  know  which  parts 
Tf  piiiig  to  fail  first.  In  allowing  for  spccfling  up  and  the  new 
tfains  that  are  eoniing  on  the  tools  made  of  l.lii-  new  steels  we 
arilly  know  just  where  to  jiut  the  extra  strength,  and  I  would 
raw  the  Professor's  attention  to  the  fact  lliat  these  experiinenta 
li"iild  be  made,  and  it  would  be  a  very  useful  thing  for  a  *chool 
ike  his,  which  has  contributi'd  so  unich  in  the  way  of  information 
"  tile  professiiin,  to  carry  out  further  tins  idea. 

Prof.  ('.  If.  l{riijiiiiiiii.—\  had  not  expectnl  to  participate  in 
Ills  ilisenssi.m,  because  after  reading  the  pap<T  I  felt  that  I  knew 
n  Ihtle  about  the  subject  as  t"  make  it.  Iianlly  wortli  while  to 
<>'  anything.  I  consithT  this  the  most  valuable  series  of  ex- 
"■rinieuls  on  the  cutting  power  of  steels  that  have  ever  been 
ude  in  the  history  of  engineering.  The  completeness  with 
''hich  tliey  were  carried  out,  Ibe  universal  character  of  the  d^TiO- 
inineter  and  tlie  resolution  of  the  cutting  pressure  into  its  ele- 
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luents — longitudinal,   radial  and  tangential — are  all  worthy  of 
mention. 

AVliat  Mr.  George  has  just  said  in  reference  to  making  experi- 
nientsi  of  this  kind  in  this  country  at  some  place  where  tkeie  is 
time  to  devote  to  it,  has  led  me  to  say  a  few  words  on  that  sub- 
ject. It  had  been  my  intention  to  carry  on  some  experiments 
tlie  coming  year  on  the  high-speed  steels  in  the  laboratory  of  tbe 
scliool,  and,  for  that  i)urpose,  to  buy  some  special  machineiy.  I 
feel,  Ijowever,  that  those  experiments  would  be  entirely  incom- 
l)lete  witliout  some  such  apparatus  as  has  been  described  in  tie 
])a])er  which  has  just  been  read,  and  that  to  make  such  experi- 
ments with  the  ordinary  forms  of  dynamometer  that  have  heen 
used  in  tlie  past  would  be  puerile.  I  do  not  know  what  the  posi 
biliti(^s  will  b(*  in  the  way  of  procuring  or  of  building  a  dynt- 
mometer  of  this  character  which  can  be  used  on  lathes^  on  pltt 
ers,  on  boring  mills  and  the  other  types  of  machine.  I  hope, 
however,  that  means  will  be  provided  in  some  way  to  accompHsk 
this,  ])ecanse  there  is  no  question  that  the  use  of  high-speed 
steels  is  one  of  the  recent  factors  in  our  industrial  development 
which  has  done  more  to  increase  the  output  of  the  machine  shoj 
than  anv  other  one  element.  If  there  are  anv  manufaetuiefi 
liei-e  who  are  int(»reste<l  in  this  question  and  in  the  further  soh* 
turn  of  tlu^  problem  I  would  be  glad  to  get  in  touch  with  them, 
because  it  is  only  by  collaboration  and  co-operation  that  ve  c« 
lio])e  to  accoiii])lisli  anything.  I  wish  some  public-spirited  citiiei 
would  import  one  of  these  dynamometers  from  Great  Britiii 
and  i>iv(^  us  the  heneJit  of  it. 

Mr,  M'lu.  Pilfon, — A  recent  editorial  comment  very  trnly 
juducs  these  experiments  as  "  far  and  away  the  most  complete 
that  have  bec^n  undertaken  in  any  country."  These  experimenfi 
are  of  <])(^cial  value  in  that  Professor  ^Xicolson  has  taken  prtC" 
tical  cuts  ])oth  as  to  de[)th  and  the  feed  with  effective  cutting 
sj)('(mIs  of  about  iifty  feet  per  minute,  it  being  clearly  shown  in 
his  endurance  or  *'  failure  trials  "  that  the  tool  failed  very  quickly 
at  scventy-iive  feet  per  minute  with  heavy  roughing  cuts. 

(^notiim*  from  the  ex])erience  of  one  who  has  tried  about  eveiy 
make  of  liiu'h-spccil  steed,  "  AVe  have  cut  a  -^  cliip  ^  feedat* 
rate  of  2<in  per  minute  from  a  rod  of  steel.  Such  speeds  are po^* 
sihh'  for  short  jn'rlods,  but  whoever  buys  a  rapid  cutting  fteel 
with  the  ex|)(M*tatioii  of  maintaining  such  speed  will  be  S8<u.^ 
disap])ointed."*-      He    further    states,    "We    find    that   on  ?teel 
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here  there  is  no  consiilcrable  thickness  of  inetnl  (r>  remove,  a 
weA  of  one  hundred  feet  is  very  satisfactory. " 

I  know,  from  the  actual  tests  and  the*  lathc-roora  praetiop  as 
Mained  by  the  Xiles  Tool  Works  Co.  of  Hamilton.  Ohio,  that 
e  get  sneli  heavy  cuts  and  feeds  at  from  35  to  50  fwt  jmt 
inute  using  the  modem  tool  steels,  tnrning  hi^h  carbon  steel, 
irged  shafts,  pinions,  etc.  The  tool  point  is  almost  a  red  heat 
1(1  the  ehips  beautifully  colored. 

The  latlies  we  are  doinjj  this  work  on  are  the  same  machines 
*  formerly  used  with  the  tools  of  carbon  stecla  and  slower 
tttinp  speeds.  There  has  not  been  one  special  lathe  installed 
I  ihis  lurniufr  department,  but  the  speed  of  the  line  shafts 
as  lieeu  increased,  and  al.'^o  the  eonntersbafts,  so  as  to  pot 
>rrcct  tnrniuf>:  speed  on  suitable  dianifters  of  work  und  al* 
»ys  retain  the  power  of  the  back  gearing.  For  instfinee:  An 
rdinary  :J4-inoh  lathe,  with  its  eountersliaft  inereased  in  speed 
I  suit,  will  take  very  heavy  cuts  and  feeds  on  work  of  from  3 
lelies  to  it  iiielies  diameter  with  the  back  gears  in,  and  by  using 

second  countershaft  speed  the  minimum  dinirioter  can  be  fur- 
icr  reduced. 

At  a  meeting  of  the  St.  Louis  Engineer's  Club,  January  7,  lOOil, 
wnssing  a  paper  by  3Ir.  \V.  A,  Layman  on  speed  control,  Mr. 
i'.  CoajHT  said  in  considering  tlie  fact  that  many  tools  arc  not 
wiftned  to  ^tand  tlie  higli  speeds  tliat  moilcrn  tool  steel  will  per 
lit:  "  Tliere  is  no  reason  why  a  machine  loo|  that  la  adapted  to 
'I  a  fcrlain  work  should  not  do  this  work  at  two  or  thi-ee  limca 
ic  .-iiwcd.  'riic  rea.-'on  for  this  seems  olmons,  in  the  fact  that 
ir  strains  on  a  ma<'hine  arc  dne  entirely  to  tho  torque  refiuircd 
I  iiinkc  a  given  cut.  With  this  given  cut  the  Hpeod  may  be 
iprcased  three  or  four  times  witliout  jiniducing  an,V  grcifttcr 
rains  on   the  machine  itself,  because  tlip  tortjuo  rcmaiiii^  eou- 

Of  course  we  are  building  very  heavy  and  powerfully-geared 
firing  mills,  wheel  lathes,  etc..  especially  intended  for  me  with 
ipli-siH-i'd  steel  and  to  carry  heavy  cuts.  In  fliesc  niachinea  tho 
ist-iron  gears  are  replaced  witli  those  of  steel  casting  and  rteel 
"Rwi  gears.  Tlie  1k>U  width  and  the  gearing  ratio  are  iilio 
nTpa.sed, 

Power  is  required  where  heavy  cuts  and  feeds  on  •teol  cast- 
pt  are  specified  on  orders  for  certain  machine  tooU.  A  nomi- 
li  power  at  tlie  tool  of  5,00t)  or  0,000  pounds  for  each  aV  'ich 
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of  chip  area  ii=*  required  for  turning  soft  steel  castings.    Tlus 
increases  with  the  harder  grades. 

As  to  cast  iron.  It  is  more  difficult  to  arrive  at  a  nominil 
jx)wer,  this  because  of  the  varying  degrees  of  hardness,  in  some 
instances  the  horse-power  per  cubic  inch  of  metal  removed  being 
almost  ecpial  to  that  of  some  steel  castings. 

In  further  discussing  this  paper,  I  might  offer  some  data  giv- 
ing the  results  of  several  carefully  planned  modem  machine  tool 
tests  where  the  results  obtained  compare  very  favorably  urith  the 
results  here  given,  but  such  data  would  not,  I  think,  add  much, 
if  any,  to  the  value  of  the  paper.  Professor  Xicolson  his 
statc^l  that  we  may  expect  to  hear  from  him  when  "  the  heavier 
(*uts  required  to  complete  the  series  have  been  made." 

J//-. ./.  Ilartley  Wirksteed*- — ^I  think  it  states  in  the  beginningof 
the  ])aj)er  that  the  whole  of  this  new  movement  for  rapid  cutting 
was  started  hv  Messrs.  Tavlor  and  White,  of  the  Bethlehem  Steel 
Company,  in  the  United  States.  They  made  a  most  remarkable 
exhibition  in  Paris,  at  the  Exposition,  in  which  the  engineering 
world  was  astonisluMl  to  see,  instead  of  the  deliberate  manner  in 
which  st(»el  was  f<»rmerly  removed  by  tooling  in  a  lathe,  the 
cuttings  coming  off  in  long  continuous  pie<;es  colored  purple  with 
heat  and  to  be  able  to  see  that,  imdemeath  the  cutting,  the 
tool  was  glowing  with  a  dull  red.  It  was  about  as  surprise 
ing  as  when  it  was  discovered  that  a  carbon  filament  couU 
be  used  for  eh^ctric  current  without  consuming  itself.  The 
whole  idea  of  a  tool  preserving  its  edge  when  in  a  state 
of  (lull  red  heat  was,  I  think,  to  all  of  us  a  revelation,  and  it 
had  a  most  stimulating  effect  upon  these  gentlemen  and  others, 
l)ecause  as  soon  as  ])eople  knew  that  it  was  possible  to  do  it  a 
number  of  persons  found  they  were  able  to  do  what  before  that 
had  Immmi  thought  im])ossible.  Xow  I  am  particiilariy  engaged 
in  tool  making,  and  1  consider  that  it  is  by  far  the  greatest  revoh- 
tion  that  has  taken  place  in  my  life.  When  the  thing  came  out  it 
was  not  understood  as  to  how  steel  could  be  made  to  do  such  woit? 
nor  wjis  ir  nnderst<>od  what  conditions  would  have  to  be  used  to 
tak(^  inl  van  rage  of  it.  It  was  not  known,  for  instance,  whether 
according  to  the  law  of  the  flow  of  solids  you  could  remove  the 
material  with  a  smaller  ])ressure  at  a  slow  speed  than  you  couM 
at  a  (juick  s])eed.     That  is  settled  crucially  by  Dr.  Kicolson,  "^^ 


"  .M('m1)er  of  tin;  lustitutlon  of  Mcclianical  Engineers  of  Engltod. 


EXPERIMENTS    WITH    A    LATllE-TOtil.    DVXAMOMKTKIi.  (iSl 

lie  OIK"  exporiment  in  which  he  only  moved  the  work  round  at 
rate  of  one  foot  in  four  and  one-half  hours.  It  did  not  corae 
with  anv  less  pressure  on  the  point  of  the  tool  than  it  diri  when 
was  moving  it  at  the  rate  of  50  feet  per  minute.  Incidentally 
that  experiment  he  found  out,  what  is  very  important  to  know, 
■  canse  of  the  vibrations  that  are  set  np  in  removing  the  sliav- 
;:  he  was  able  to  take  a  diagram  of  the  pressure  of  the  tool  at 

•  different  stapes,  and  he  found  that  tirst  of  all  the  tool  com- 
?ssed  a  flake  of  metal,  that  is,  set  up  a  plane  of  cleavage,  and 
PD  shot  it  oiT  like  the  scale  of  a  fish,  and  that  the  diagram  was 
liagram  of  very  tall  peaks,  13  above  zero  of  pressure  and  valley 
ily  S  above  zero,  the  pressure  on  the  tool  rising  to  a  certain 
lint,  and  then  going  down,  all  of  which  you  will  lind  in  the 
iper.  That  shows  that  you  have  to  provide  for  vibrations,  and 
at  is  the  explanation  why  it  is  that  you  cannot  make  good  use 

the  new  steel  by  simply  speeding  up  existing  lathes,  at  least, 
)l  ill  all  cases,  for  this  steel  not  only  gives  yon  the  power  of  going 
.  a  greater  speed,  but  it  is  a  steel  which  will  preserve  its  edge 
'tter  and  will  enable  you  to  take  deeper  cuts  and  greater  travoL 

paper  was  read  at  the  Institution  of  Mwhanical  Engineers,  in 
nndon,  upon  the  cutting  angles  of  tonls,  in  which  &  liK>\  dvna- 
loriiptcr  had  been  used,  and  this  tool  dynamometer  showed  eef- 
lin  results  which  did  not  conform  to  the  results  shown  by  other 
sjMTiinenters  who  had  arrived  at  theii'  results  hy  measuring  the 
niviT  that  went  into  tlie  lathe  Iiead-stock.  Dr.  Nieolson,  how- 
V'lT.  liiis  devised  a  very  improved  tool  dynamometer  which  gives 

*  rcsiiits  almost  as  accurately  as  a  testing  machine  with  which 
'm  test  till'  sircugtii  of  mat<'rials.  It  measures  the  force  down- 
>arii  iinii  the  buckwaril  thrust  of  the  tool.  Then,  together  with 
Iii<  tool  liynamometer,  li<'  had  a  belt  dynamometer  that  meafl- 
lU'il  tlie  jxiwcT  that  was  going  throupli  tlic  l)elt,  and  also  the 
iiiiiiii'ler.  and  he  was  able  to  juit  the  wlmle  of  these  result*  to- 
P'tliiT  and  there  were  no  discri'pancies;  tlu-re  were  differences, 
"It  tliev  were  aceouuteil  f<o-.  but  the  net  value  on  the  tool 
''■a'  all  coutirmed  hy  the  rei-m-ds  of  the  ammeter  and  by  the  belt 
bniiiinuiieter.  I  )r.  Xic'olson  designed  his  dynamometer  to  give  him 
'*  I'lad  lip  to  IT)  tons  ]u'essure  on  the  liml.  with  which  you  can 
lakpjirr-imiablv  a  prettv  fair  cut.  fie  carried  out  hifl  experiiiient*. 
I  'liiiik.  to  ahoi.t  half  that;  but  he  has  not  finished  yet.  lie  will 
P^-■(■(■ll  to  carry  the  <>\pcriiiicMts  further,  and  with  still  il<-eper 
■■"''.   1  think  what  he  has  arrived  at  so  fur  is  that  ho  has  removed 
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^nceossfiiUy  Di  pounds  weight  per  minute,  and  lias  f ound  a  cuttii^ 
stress  of  00  tons  per  square  inch  section  of  the  cut  upon 
soft  fluid  compressed  steel.  1  think  he  has  used  about  19^  gross 
horse-])ower  in  doiuir  that,  and  he  has  found  a  verv  large  differ 
enee  in  the  horse-power  that  is  absorbed  resulting  from  the  dif- 
ferent angles  to  whieh  the  tools  are  ground. 

So  that  ineideutally  this  paper  is  extremely  valuable  in  giving 
the  best  angles  for  tools,  both  in  regard  to  endurance  and  also 
in  r(»gard  to  the  p(»wer  that  is  absorbed. 

'J'hero  is  one  other  striking  remark  that  I  find  in  this  paper, 
and  which  seems  to  point  to  a  critical  speed.  It  is  found  on  jage 
657  as  follows:  '' Jt  was  fcmnd  in  these  preliminary  experiments 
that  one  foot  per  minute,  more  or  less,  in  cutting  speeil  made  a 
gr(»at  difference  in  the  duration  of  the  experiment.^'  That  is  to 
say,  if  your  tool  does  not  last  as  long  as  you  would  ^risli  it  tts 
it  does  not  follow  that  it  is  iK^eanse  you  are  cutting  too  fast;  it 
may  be  because  you  arc^  cutting  too  slow.  I  am  not  sure  what  the 
material  was  as  to  which  that  remark  is  made,  but  it  does  .*eem 
tii  me  a  point  for  very  interesting  investigation  to  find  out  ninre 
ahout  it. 

21  r.  C'lianihrrs/'' — That  was  cast  iron  material. 

PresuJp}it  Wlrl'stcrd. — Thank  you.  Perhaps  that  account?  for 
a  great  deal  of  variation  in  people's  opinions  as  to  the  speed  at 
wliic-h  vou  can  cut  cast  iron. 

a 

J  will  now  ask  ^Mr.  A  damson  to  reply. 

J//-.  J).  Adfttnson.'^ — I  will  onlv  sav  that  I  thank  vou  ven'imich 

•       •  •  • 

f«»r  the  discussiou,  and  that  Dr.  Xicolson  and  the  Committee  who 
were  associated  with  him  in  the  earlier  ex])eriments — referred  to  in 

the   article  in    the   Anwrinni   Machinist  mentioned  bv  the  liwt 

« 

sp<*aker,  and  to  which  this  j)ay)er  is  a  sort  of  supplement— all 
feel  that  we  an^  only  at  the  beginning  of  this  interesting  investiga- 
tini),  and  we  shall  be  V(My  glad  to  hear  of  any  further  experiments 
being  carried  out,  either  here  or  elsewhere.  There  is  ample  room 
for  a  vcrv  instructive  scries  of  experiments. 

J^rof.  \V}n.  T,  Mdf/ ruder. — A  somewhat  similar  set  of  expen- 
uunls  to  those  here  recorded  were  made  in  1900  under  my  Jiroe* 
ti(ni  by  Mr.  AV.  A.  Kuidit,  at  that  time  instructor  and  at  pre^^n^ 
Assistant  Professor  of  Maidiine  Shop  Practice,  at  the  Ohi^  *^wf^ 
I'niversitv,  as  a  thesis  for  the  decree  of  Mechanical  Eiiffine^'f' 


*  Mombor  of  the  Institution  of  Mechanical  Engineers  of  England. 
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'he  object  sought  whb  not  solely  to  measure  tLe  work  performed 
a  cutting  metal,  but  rather  to  measure  the  "  workatilitv  o£  cast 
:on  "  and  other  metals. 

For  this  jiur^iose,  a  Pratt  &  Whitney  planer  waa  used.  A 
|>ecially  coustnicted  diaphragm  preseure  gauge  was  inserted  in  the 
iol-l>ox,  so  as  to  receive  the  preaanre  exerted  upon  the  tnol  by  the 
iece  of  metal  being  cut.  A  cutting  tool  of  constant  shajK"  waS 
iDUnted  in  a  tool  holder  of  sueh  shape  that  the  point  of  the  eut- 
iag  tool  was  vertically  in  line  below  its  point  of  suspension.  The 
ireesure  received  by  the  diaphragm  of  the  pressure  gauge  was 
ransmitted  by  oil  to  a  double  tube  Bourdon  pressure  gauge  and 
roni  It  by  a  paraUel  motion  to  an  inking  pen  which  recorded  the 
iresanre  required  to  make  the  cut.  The  record  was  made  on  a 
trip  of  paper  positively  moved  by  the  planer-table. 

The  nsnal  difficulties  incident  to  such  work  were  met  and  over- 
onie,  anil  the  results  were  of  much  interest,  as  they  showed  the 
iircc*  required  to  remove  metal  by  a  planer  when  run  at  ii  kuowu 
ipeed,  gave  very  different  results  with  different  kinda  i»f  east 
ron,  which  differed  both  in  character  and  amount  from  the 
liagram.'i  obtained  by  cutting  bar-brass,  wrought  iron,  iind  tlio 
iliffcri'iit  Mvfh.  Tlie  imifcinuity  of  the  texture  nf  liriMs,  the  hard 
spots  in  ciist  irnri,  the  sfiuriines.-!  of  wrought  iron,  am!  i-ven  the 
proater  homogeneity  of  tool  steel,  as  compared  with  machinery 
*lwl,  were  noKni  by  the  apparutus  and  recorded  autograph leally 
witli  much  nnifonniiy  of  result, 

As  The  lliesis  giving  the  rei'onis  is  at  present  among  rlic  ex- 
hibita  of  the  Agricultiirnl  and  Mechanical  C'ollegi^s  at  the 
Uiiisinna  Purchase  Kxpn^itJon  iit  St.  Louis,  I  am  unable  to  give 
Itwntpr  details  at  this  time. 

Ih:  J.  T.  Sic  1)1  mil-.*- — I  wisli  to  begin  by  thanking  Mr.  -T. 
lUnliy  Wickstei'd  mid  the  other  s]K.'akers  for  the  appn-eiatory 
n-niBrks  fliey  have  maile  rej:nnling  the  work  done  and  repurted  in 
•hpiwper.  1  agree  with  all  that  has  fallen  frym  Mr.  Wick'lci'd, 
Willi  the  cxcepti.iii  of  his  la-'t  sentence  or  two.  I  hardly  think  the 
'i'lilHlinii  he  has  made  from  the  jiaper  will  bear  the  interpri'tation 
lUt,  ■■  if  ilif  tool  i\uvn  iiol  In«t  as  lung  as  you  wish  it  to,  .  .  . 
"  may  he  hecniisc  yoii  arc  cutting  too  slow."  It  Iiai^  never  been 
'""11.1  ill  theie  experiments  tliat  a  tool  could  be  made  In  last 
Iimger  hv  a  small   iiierea^p  of  speed.     Perhaps   Mr.   Wickstef.! 

*  Author's  Closure,  undei  the  Sal«s. 
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lia<l  in  mind  a  po.<sil)le  syndironization  of  tool  and  work  vibratiim> 
wliifli  niijLi'ht  be  dc^stroyed  by  a  slight  change  of  cutting  speed. 
This  niiulit  happen;  but  it  has  not  occurred  in  my  experience. 

AVith  rouard  to  ^Ir.  John  McGeorge  and  Professor  Benjaiiun\« 
remarks  as  to  further  experiments  being  made,  I  shall  be  very  glad 
to  furnish  blue  prints  and  full  instructions  for  the  construction 
of  a  dynamometer  to  Professor  Benjamin;  and  would  recommend 
that  ex])eriments  be  undertaken  on  the  principal  alloys  used  in  engi- 
neerina',  such  as  ffun  metal,  brass,  phosphor  bronze  and  the  like.  1 
do  n(»t  see  that  the  action  in  planing  should  be  much  different  from 
that  of  tooling  in  a  lathe.  Drilling  is  a  subject  requiring  studv; 
and  I  have  already  instituted  experiments  in  this  direction. 

!Mr.  Harrington  Emerson\s  remarks  regarding  the  small  saring 
wliieh  will  l>e  effeetcnl  by  the  use  of  high-speed  steel,  unless  every 
d(»tail  oi  working  is  looked  into,  seem  to  me  very  much  to  the 
point.  Tf  three-fourths  of  the  working  time  of  a  lathe  is  wasted  by 
bad  manaiiement  it  matters  verv  little  whether  the  cut  be  taken 
at  .")()  f(*(4  <»r  IT)  feet. 

It  is  interesting  to  learn  that  Prof.  W.  T.  Magruder  used  a 
*'  dia])hragm  pressure  gauge  ''  on  the  tool  box  of  a  planer  in  1900. 
If  the  (juestion  l)e  one  of  priority,  it  may  be  mentioned  that  the 
author  used  the  method  in  ISD-t  at  McGill  University,  and  pre- 
sented a  dia])liragm  dynamometer  to  Cambridge  University  Engi- 
nee ri nil'  laboratory  in  that  vear. 

f  t 

Mr.  AVm.  Pilton  thinks  that  all  that  is  required  in  the  lathes 
as  now  u-^ed  to  make  them  available  for  high-speed  ste^el  is  to 
sp(MM]  tliem  u]).  That  de])ends  on  how  the  gearing  is  arranged  and 
wliat  the  ]u-esent  spcu'd  of  the  cone  belting  is.  It  seems  clear  that 
mo-t  roue  belts  run  to(»  slow  and  that  speeds  of  4,000  to  5,000  feet 
])er  minute  iu  them  are  admissible,  provided  the  cone  is  oflF  the 
main  spindh-. 

In  eouclu-inu  the  author  tenders  his  best  thanks  to  Mr.  Daniel 
Adaui><»n  for  looking  after  the  paper  upon  its  presentation  in 
(.'hieaiTo. 
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1.  The  designing  of  modern  buildings  has  very  materially 
mged  tbe  organization  of  au  architect's  office,  and  unless  the 
wrt  is  called  in,  there  is  associated  with  the  architect  an  engi- 
•r  whose  specialty  is  the  designing  of  the  engineering  features. 
J.  The  engineer  works  in  conjunction  with  the  architect, 
1  works  uji  tbe  scheme  generally  in  its  entirety,  by  no  means  a 
kll  part  of  the  work. 

8.  The  enginoer  worlcs  in  conjunction  with  the  architect, 
rises  hira  as  to  all  points  of  engineering  design,  and  eventually, 
wn  the  scheme  ia  matured,  takes  over  all  details  of  construo- 
s. 

4,  Such  an  office  is  divided  into  two  working  parts;  one  of 
lich  is  purely  architectural  and  the  other  engineering.  The 
gineering  force  again  is  divided  into  construction,  mechanical, 
Mtrical  and  sanitary  departments,  and  each  part  and  depart- 
rei  is  dependable  one  upon  tho  other,  so  that  when  all  designs 
5  completed,  the  general  contractor  is  able  to  carry  out  liis 
wk  rapidly  and  intelligently. 

5,  It  b  the  intention  of  this  paper  to  deal  only  with  the  engi> 
ering  problems  which  enter  into  the  construction  of  a  tall  build- 
^1  and  it  will  be  impossible  to  do  more  than  deal  generally  even 
th  these.  Few  appreciate  tho  vast  amount  of  work  and  reapon- 
•ilily  involved,  and  any  one  of  the  subdivisions  of  engineering 
'Oe  would  require  a  volume  if  written  about  as  it  should  be. 

Construction. 

6,  The  designing  of  the  foundations,  the  steel  and  iron  work, 
d  of  the  enclosing  brick  and  stone  work,  in  so  far  as  strength 

•Prtwntwl  m  thr  Clilcngo  mcctinR.  Miiy  nrjil  .Inne,  1004.  of  tlio  Ami-rlcan 
inj  of  Mfcbanical  Engineer!!,  nod  tannmg  part  of  Toluine  XXV,  vf  the 
ttiiattioiit. 
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19  concerned,  is  the  province  of  tlie  engineer  of  eonsiraptl'iii. 
whose  position  is  like  tliat  of  the  bridge  engineer.  The  ptoblras 
to  be  solved  are  sometimes  very  hard  and  require  Urge  fxj^h- 
encc  to  handle. 

7.  As  an  example,  the  fonndations  o£  a  portion  o(  llie  huili 
ings  of  The  llutual  Life  Insurance  Company  of  Nirw  \ark.  a. 
Xew  York  City,  were  carried  down  to  bed  rock  by  mcittu  ot 
caissons,  and  the  footings  in  some  cases  are  over  100  fwi  WWr 
the  curb.  The  walls  of  adjoining  Vniildinga  were  earriod  t«  ntk. 
and  the  entire  site  was  enclosed  by  a  concrete  wall  ei^l  feet  in 
thickness.  The  floor  of  the  boiler  and  piunp-room  is  thirty  fw 
below  mean  high  tide  level  and  fifty  feet  below  tlie  curb  oo  Cirf*i 
Street.  The  scapage,  which  has  to  be  pumped  out  of  a  njopii 
located  in  the  boiler-room,  amounts  to  less  tlinn  onv  tli'nwnji 
gallons  a  day. 

8.  A  bnilding  known  as  the  "Wall  Street  Kxclian^ 
recently  erected  in  Xew  York  City.  This  bnilding  is  atMtlt 
hundred  feet  sqiiare,  twenty-five  stories  or  three  hundred  urf 
twenty  feet  in  height  above  the  curb,  and  two  stories  or  twrni.'- 
tlirec  feet  in  depth  below  ciirb  Ie\'el.  The  foundations  for  (li^ 
building  are  somewhat  similar  to  those  of  The  Miitunl  laff  Bnil^ 
iiig.  The  grillage  footings  were  set  on  the  foiindAtiond  iu  ft- 
cember,  1902,  the  erection  of  the  superstnicturB  waa  aomiasoai 
in  January  and  completed  from  curb  level  to  roof  in  seveB  irwit 
The  brick  walls  were  started  in  the  cellar  in  January.  ajiJ  e* 
pleted  on  March  19,  1903.  The  building  was  rendy  for  tctuitt 
and  partly  occupied  on  ilay  1,  1803. 

9.  These  are  simply  instances  of  the  problem  that  eonfreoB 
the  engineer,  and  it  is  his  duty  to  lay  out  the  work  from  a  htni 
standpoint  so  as  to  obtain  the  best  general  results. 

10.  There  are  may  factors  entering  into  the  design.  Wd 
pressure  affects  column  and  girder  sections;  floor  loads  ore  nO" 
able,  depending  on  the  use  the  building  ia  to  be  put  (0,  iJ 
throHghout  the  entire  design,  economy  and  rapidity  of  consttfP 
tion  must  be  cousidei-ed. 

H^levators. 

11.  Uitherto,  electric  elevators  have  been  but  little  used  ii 
tall  buildings  over  fifteen  stories  in  height  on  account  of  tin 
design  not  being  suitable  to  liigh  speed.     When  the  speed  a- 
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ri'fils  three  himclreil  and  fifty  feet  per  minute,  as  it  necesaanlj 
nm^t  ill  tlie  liigher  buildings,  hydraulic  elevators  runDiDg  as  i^\ 
n^  i^ix  liiuidred  feet  per  iiiinutc  are  prefej-altle.     Modi'^u  pluils 
are  iiistallt'il  ivitli  either  triple  expansion  or  fly  wheel  pam^ 
cue  or  more  compound  pumps  in  reserve.     There  are,  hi 
no  absolute  rules  that  govern,  as  each  case  must  be  lismfie^^ 
p<'udcntly,  the  conditions  carefully  studied  and  experieacB 
cliief  p^iide.     Tests  are  made,  of  course,  liofore  the 
tinally  accepted  from  the  contractors,  but  these  tests 
auything  final  beyond  that  the  plant  ia  as  desired 
will  do  the  work  economically. 

12.  Each  elevator  is  usually  designed  to  carry  safely 
pounds  exclusive  of  the  weight  of  the  car,  and  one  car  ia 
to  carry  safes  usually  weighing  not  more  than  four  tonfri 
slow  speed.     This  car  should  have  specially   designed 
devices  to  hold  the  car  in  place  at  any  floor.     Vertical  OJfl 
for  hydraulic  elevators  are  usually  preferublo  to  homoni 
inders  on  account  of  having  shorter  cables.     Cold  ]K>lle4' 
guides  are  better  than  planed,  and  in  fact  any  device  that 
smooth  service  is  desirable. 

13.  It  is   a   safe   general  proposition  when    a   well  den|^ 
nicchanical  plant  is  installed  to  say  that  it  coats  less  to  open'.t 
iin  clcctne  elevator  than  it  does  an  hydraulic   mochitio. 
pountl   pumps  generally   require  seventy   ])oua(l8   of 
water  ]iors<'-power  hour,  triple  expansion  jiumps  about 
]>ouiidj;  and  fly  wheel  pumps  slightly  lesa, 

14.  Uigli-speed,    single-cylinder    enpnes    arc    gttaranl 
thirty--;ix    pounds  nf    steam  per    horse-ptiwcT   hour, 
cngiTie  twi-nty-six  pounds, -and  steam-jacketed,   four-ralyi 
]iouii{|  engines  twenty  pounds.     An  average  of  sis  and 
water  Imrsc-powrr  ])er  car  mile  per  hour  is  required  for  hi 
('l<-vat<irs,  and  for  electric  elevators  an  average  of  three 
half  kilr.watt  Imurs. 

1.".  Prom  lliis  data  it  is  easy  to  calculate  the  coal  an^' 
c'ln^tnujiiinn,  Imt  of  course  there  are  many  other  items  h 
int..  ac'i'riuiit,  and  expenence  alone  teaches  the  grained 
jti-i  what  these  ilciiis  are  , 

Hi.  In  many  installations  economical  operation  would  he  con- 
^i<K■raMy  inereased  hy  the  use  nf  a  storage  battery,  in  which  cafe 
the  ('limine  load  can  be  kept  constantly  at  its  full  load  raline. 
whieli  is  iiri  most  economical  producing  point.     Under  thcst?  cm- 
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(litions  the  battery  should  be  installed  and  connected  in  EDch  i 
iiianner  as  to  consume  all  the  excess  current,  taking  the  peikt 
of  tlio  elevator  load  requirements. 

17.  A  double  pressure  tank  system  may  be  installed.  The 
usual  practice  is  to  carry  low  pressure  in  the  tanks  mnning  fiom 
one  hundred  and  fifty  to  one  hundred  and  seventy-five 
for  low  pressure  systems  when  the  cars  are  few  in 
centi'alized,  and  from  seven  hundred  and  fifty  to 
pounds  when  the  plant  is  very  large  and  scattered. 
pressure  system  would  be  very  much  more  economical 
the  low  pressure  tank  operating  under  light  service 
a  pressure  of  from  one  hundred  to  one  hundred 
pounds,  and  tlte  high  pressure  tank  under  high 
at  a  pressure  of  from  one  hundred  and  seventy- 
drcd  pounds,  an  elastic  system  adapting  itself  to 
done. 

18.  There  is  a  great  deal  of  controversy  aa  to 
elevators  to  be  installed.  It  depends  absolutely  on 
building,  and  the  nature  of  the  business  traasaoted 
its  location.  Some  engineers  have  compiled  tables 
specific  floor  areas  to  be  served  per  elevator,  but  thi 
not  always  apply.  The  writer  knows  of  one  building  IisviDr 
one  elevator  per  eight  thousand  square  feet  of  floor  arve.  wliifli 
is  under-elevatored,  and  of  another  close  by,  with  an  cU'valnrl" 
each  sixteen  thousand  square  feet  of  floor  area  which  would  bs'^e 
efficient  service  with  fewer  elevators. 

10,  Then,  again,  here  is  a  list  of  buildings  in  mo-;    ■ 
factorily  served  which  differ  entirely  from  the   al... ..i 

20.  These  buildings  are  all  in  the  downtown  bii^iiv.--    r- 
o£  the  city  of  New  York,  and  are  used  as  offices,  -^Kt 
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The  Steam  Plant. 

21.  This  is  a  very  large  topic  that  cannot  possibly  be  covered 
within  the  scope  of  this  paper.  The  proper  design  of  the  steam 
plant  is  a  matter  of  the  utmost  importance  as  on  it  depends  most 
of  the  economies  of  the  tall  buildings.  It  may  be  divided  into 
two  parts,  the  boiler  plant  with  its  accessories,  including  the 
power  piping,  and  the  heating  and  ventilating  systems.  These 
have  all  been  fully  described  in  books  and  papers  written  by 
most  competent,  experienced  engineers,  and  in  practice  they 
agree  generally.  In  designing  the  boiler  plant  it  is  customary 
to  allow  about  50  per  cent,  reserve  over  the  estimated  peak  loads. 
A  modern  boiler  plant  is  usually  equipped  with  such  require- 
ments as  Avill  produce  economy.  Superheaters  of  sufficient 
capacity  to  allow  the  steam  produced  by  the  boilers  to  receive  i 
superheat  of  from  75  degrees  to  100  degrees  Fahr.  have  been 
used  with  excellent  results,  and,  as  a  matter  of  course,  all  pres- 
sure piping  and  valving  should  be  designed  accordingly.  Much 
difficulty  has  been  experienced  in  pressure  piping  by  the  use  of 
the  ordinary  flanged  joint  with  copper  gaskets,  but  the  writer 
has  had  very  satisfactory  results  with  Van  Stone  joints,  or  joints 
somewhat  similar  in  design,  for  piping  exceeding  5  inches  in 
diameter. 

22.  To  avoid  vibration  in  the  building  the  steam  and  ezhaiut 
piping  has  to  be  very  carefully  installed,  and  is  usually  supported 
from  the  floor  of  the  engine-room.     The  exhaust  is  carried  above 
the  roof  and  capped  vnth  a  condenser  head.     This  exhaust  is 
connected  into  the  heating  system  and  also  through  the  feed 
water  heater.     All  drips  are  carried  back  to  a  drip  tank  and 
pumped  back  to  the  boiler  wdth  all  returns  through  feed  water 
filters.     The  equipment  consists  of  the  boilers,  feed  water  heat- 
ers and  pumps,  filters,  blow-off  and  drip  tanks,  house  and  fire 
pumps,  back  pressure  and  reducing  pressure  valves,  hot  water 
meters,  recording  pressure  gauges,  condensing  and  cooling  coils, 
expansion  and  muflier  tank,  separators,  pump  governors,  power, 
exhaust,  heating  and  drip  piping,  engines  and  oiling  systems, 
dynamos,   ventilating,   refrigerating,   vacuiun   cleaning,   electric 
wiring,  switch  board,  motors,  plumbing  and  water  supply,  and  a 
multitude  of  appurtenances,  all  of  which  have  to  be  carefully 
designed  and  placed  according  to  the  requirements  of  the  build- 
ing and  space  to  be  occupied. 
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In  estimating  and  proportioning  heating  surface  the 
ad  commonly  used  is  that  prescribed  by  law  by  the  G-ermaa 
rnment  in  the  design  of  heating  jilants  in  its  public  biiild- 
and  is  based  on  the  loss  in  heat  units  per  square  foot  of 
ed  surface  transmitting  heat  to  the  outside  air  or  buildings, 
G  case  may  be.  On  account  of  leakage  it  is  also  assumed 
,he  air  in  the  various  rooms  that  are  heated  is  changed  once 
iir,  and  that,  therefore,  a  certain  amount  of  heating  suriaee 
juired  to  warm  the  air.  Under  certain  conditions  of  loca- 
lud  exposure,  aud  whether  thu  building  is  to  be  heated  con- 
iisly  or  intermittently,  it  is  necessary  to  increase  these 
ates.  In  making  the  various  increases  the  judgment  and 
■ience  of  the  designing  engineer  must  be  used.  In  design- 
he  mains  and  risers  supplying  steam  to  the  radiators  the 
of  pipes  are  determined  by  the  amouut  of  condensation  of 
radiating  surfaces  and  the  velocity  of  the  steam  flowing 
iph  the  pipes.  In  mains  this  velocity  is  assumed  to  be  from 
I  SO  feet  per  second,  and  in  risers  from  25  to  50  foet  per 
d. 

.  The  mains  and  risers  are  cither  a  two  pipe  system  or  a  one 
overhead  system,  depending  snmewhat  upon  circumstances. 
systems  have  their  advocates,  but  either,  if  properly  de- 
d,  gives  satisfactory  results.  An  exhausting  apparatus  U 
used  in  connection  with  the  air  lines,  and  the  system  is  then 
loarly  at  atmospheric  pressure,  thereby  relieving  the  engiaoa 
back-pressure,  a  source  of  eeotioniy.  It  ia  a  mistake,  how- 
to  reduce  the  size  of  the  risers  where  it  is  intended  to  install 
ipparatus,  for  the  heating  system  should  be  designed  to  work 
r  gravity  in  case  of  the  breakihnvn  of  the  exhauster.  There 
'everal  other  devices  of  a  similar  sort  often  used,  but  the 
t's  experience  with  the  straight-out  gravity  system  lin*  been 
satisfactory.  The  other  devices  can  lio  added,  but  the 
m  will  always  work. 

'■  The  artificial  heating  of  a  hiiilding  is  a  problem  wliicfa 
lly  causes  much  thought  anci  perplexity,  and  the  solution 
ten  very  far  from  giving  satisfiietion.  It  seems  to  bo  simple 
igh  in  tlieory,  but  there  are  so  many  varying  influences  in 
ticc  to  be  guarded  against  that,  liowever  well  nrraiigcl,  no 
*  seem  exactly  to  meet  the  eonditions  at  all  times.  It  is 
lly  agreed  in  contracts  for  heating  that  the  heating  plant 
be  capable  of  keeping  the  several  apartments  at  a  tempera- 
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turc  of  70  degrees  when  the  thermometer  in  the  open  air  stands 
from  zero  to  10  degrees  below\  The  apparatus,  therefore,  that 
fulfills  this  condition  will  be  apt  to  overheat  the  rooms  when  the 
outside  temperature  is  above  the  maximum,  compelling  the  occu- 
pant- to  give  strict  and  almost  constant  attention  to  the  shutting 
ofF  of  the  heat  sources.  Man  is  fallible,  and  often  negligent;  * 
nerves  and  senses  are  slow  to  feel  gradual  changes  in  temperatnrc^ 
until  a  degree  is  reached  that  is  far  from  normal;  consequently, 
rooms  regulated  by  human  hand  are  usually  too  hot  or  too  cold, 
and  often  have  sudden  variations  of  from  5  to  10  degrees. 

20.  A  cold  wind  will  often  make  it  extremely  difficult  to  get 
one  side  of  the  building  warm,  while  the  others  suffer  from  an 
excessive  heat.  Frequent  and  sudden  variations  in  temperature, 
excessive  heat  alternating  wdth  chilling  cold,  are  unhealthful  and 
debilitating,  and  it  is  a  w-ell-known  fact  that  a  great  deal  of  sick- 
n(*ss  is  directlv  due  to  inefficient  or  absolute  absence  of  control 
of  the  su])ply  of  artificial  heat.  In  order  to  prevent  such  exces- 
sive variations,  preserve  a  uniform  temperature,  to  distribute  the 
heat  where  and  as  it  is  wanted,  and  economize  fuel  by  preventing 
waste  of  heat,  heat  regulation  is  often  employed,  and  to  get  proper 
results,  the  temperature  of  each  room  in  the  building  is  controlled 
inde]>endently  of  the  others. 

27.  Such  a  svstem  will  insure  a  uniform  and  reasonable  tern- 
perature  at  all  times,  never  varying  over  one  or  two  degrees,  re- 
gardless of  the  variations  of  outside  temperature  and  without  any 
tliouii'lit  or  attention  whatever  from  the  occupants,  thereby  de- 
creasing the  care  and  trouble  incident  to  heating  plants,  entirely 
removing  tlui  necc^ssity  of  opening  or  closing  steam  valves  or 
registers,  and  j)ronioting  health  and  comfort.  By  a  simple  device 
the  degri^e  at  which  regulation  occurs  can  be  varied,  so  that  dif- 
ferent rooms  can  be  kept  at  different  temperatures  or  changed  as 
freciucntly  as  desin-d.  13y  the  same  system,  where  air  for  ventil- 
ating i)ur])oses  is  sup])lied  by  a  fan  system,  this  air  can  he  kept 
uniform  and  at  any  temperature  desired. 

1^:^.  There  scmmus  to  1)0  a  general  complaint  that  office  buildings 
are,  as  a  rule,  too  hot  for  the  personal  comfort  of  the  occupants, 
and  the  reason  is  simply  that  on  account  of  the  necessity  of  having 
to  supply  radiators  large  enough  to  meet  the  maximum  require- 
ments, and  the  inattention  that  is  usually  given  to  such  radiators, 
it  is  only  natural  that  such  results  should  follow,  because  the 
occupants  are  usually  busy  with  their  regular  duties,  and  the  at- 
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*ntion  is  not  called  to  the  overheating  of  the  rooms  until  the 
*niperature  has  reached  a  most  uncomfortable  point.  Then  the 
eat  is  shut  off  and  the  reverse  takes  place  for  the  same  reasons, 
t  is  usually  customary  to  open  the  wdndows  in  order  to  reduce 
lie  heat,  and  perhaps  to  a  certain  extent  to  regulate  it  by  admit- 
ing  cooler  air  from  the  outside.  This,  of  course,  results  in 
raiights,  which  are  not  only  disagreeable  but  dangerous  to  health, 
t  is  no  unconunon  sight  in  moderate  weather  to  observe  that  a 
cry  hirge  j)er  cent,  of  the  windows  in  office  buildings  are  opened 
n  tlio  alleuipt  to  overcome  tlie  disagreeable  condition  incident 
0  the  hi'iiting  plant,  thus  demonstrating  the  necessity  of  some 
netliod  oi  regulating  the  temperature. 

21).  It  is  an  almost  self-evident  proposition  in  the  case  of  tall 
buildings  that,  where  the  heat  sources  are  controlled  by  a  thermo- 
Btatie  system,  at  least  50  per  cent,  of  the  offices  will  have  their 
heat  shut  off  most  of  the  time,  w^hicli  is  proof  that  a  reduction  or 
saving  of  that  amount  of  heat  will  be  effected.  As  it  is  usually 
customarv  to  heat  such  buildings  Avith  the  exhaust  steam  from  the 
engines  used  for  the  electric  or  elevator  plants,  little  actual  saving 
in  the  c(>st  of  lieat  can  be  effected.  This,  however,  would  be 
quite  an  it(*m  if  the  steam  was  generated  directly  for  heating 
purposes.  The  amount  of  saving  in  the  cost  of  heating  perhaps 
shouhl  not  be  considered  as  important  as  the  health  and  comfort 
of  persons  renting  the  various  offices,  and  for  whose  comfort  the 
owners  of  buildings  usually  furnisli  such  modern  improvements 
as  will  render  them  desirable  for  occupancy  and  keep  them  fully 
'  occupied. 

•10.  Artitieial  ventilation  by  means  of  ians 'electrically  driven 
is  «)ft('n  used  on  the  lower  stories.  One  tall  building  recently 
^Tooted  in  Xew  York  has  every  room  heated  and  ventilated  by 
Uieans  of  an  indirect  system  operated  by  fans.  Tliis  is  an  extraor- 
«linarv  case,  howev(»r;  it  is  usually  impracticable  on  account  of  the 
^<»st  nf  installation  and  the  amount  of  room  taken  up  by  the  fans, 
hcatrrs  and  duets.  In  the  New  York  Stock  Exchange  the  air  is 
^va^n<Ml  in  winter,  and  hv  means  of  an  immense  refrigerating 
plant  cooled  in  suuuncr.  These  are  all  special  methods,  however, 
and  the  great  bulk  of  the  heating  is  done  by  the  direct  method; 
^I'lU  is,  radiators  under  windows  in  the  rooms. 

•H.  In  many  buildings  there  arc  refrigerating  plants  installed 
JM»th  fur  cooling  the  drinking  water  and  for  making  ice  which  is 
t'^M  to  the  tenants. 
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Absolute  peak  load 

Average  peak  and  ruiiDing  load  for  dark  days. 

Average  peak  load  for  8  moDths 

Average  day  load  for  8  moDths 

Average  day  load  for  6  months 

Average  low  load  for  12  months 

Average  nights,  Sundays  and  holidays 


Per- 

centage 

Lights, 

Power, 

Total. 

of 

K.  W. 

K.  W. 

K.  \V. 

Total. 

70 

214 

20 

234 

60 

184 

20 

203 

30 

92 

20 

112 

30 

92 

20 

112 

20 

63 

20 

82 

16 

49 

20 

69 
50 

,.,  ,. 

Operating 
Plant, 
K.  W. 
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34.  In  addition  to  the  above  there  is  usually  an  increase  of 
10  per  cent,  over  the  above  running  loads  on  account  of  the 
desires  of  tenants.  Under  ordinary  conditions  it  is  customary  to 
allow  1.6  horse-power  in  engine  for  each  kilowatt  output  of  the 
generator  and  1.8  horse-power  in  boilers  for  each  kilowatt  in  gen- 
erators. Therefore,  in  practice  we  select  the  following  main 
plant,  which  is  elastic  in  its  working  and  will  take  care  of  the  fol- 
lowing conditions: 

(1)  Maximum  load  70  per  cent,  of  the  total  connected  load 
plus  10  per  cent. — 257  kilowatts. 

(2)  Average  load  30  per  cent,  of  the  total  connected  load  plus 
10  per  cent. — 123  kilowatts. 

35.  To  operate,  therefore,  under  these  conditions,  we  have 
selected  the  following  plant: 

Two  generators  of  125  kilowatts  capacity  each,  either  of  which 
will  carry  the  average  peak  running  load,  or  both  connected  in 
multiple  will  carry  the  absolute  peak  loads  which  are  on  for  short 
isolated  periods  only. 

One  generator  of  100  klowatts  capactiy  to  carry  early  running 
and  low  average  loads  for  12  months,  and 

One  generator  of  50  kilowatts  capacity  as  an  auxiliary  unit  for 
nights,  holidays,  Sundays  and  odd  times. 

36.  Not  only  will  this  plant  fulfil  these  conditions,  but  by 
means  of  the  various  combinations  which  may  be  made,  condi- 
tions between  these  averages  may  be  satisfied  economically. 

37.  The  cost  of  operating  this  electric  plant  may  be  estimated 
from  the  table  below,  allowing  in  addition  thereto  for  motor  oper- 
ation 304  days  at  10  hours  per  day  and  20  kilowatts  per  hour, 
amounting  to  60,800  kilowatts  hours  per  year. 
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Total  day  load  per  year 29i,8t 

Avernpre' night  loads  at  5  p.  c,  or  16  K.  W.,  965  nights,  12  hoars  per 

ni^ht  per  year 70.01 

Average  Sunday  and  holiday  loads  at  10  K.  W.  61  dayv,  12  hoars  per  dij 

])(^r  year T.8 

^Motor  K.  \V.  hours  per  year A»> 

Grand  total  K.  VV.  hours 431.( 

ovS.  Assuming,  tlierofore,  the  total  output  of  the  inachii 
tlirougli  the  husbars  of  the  s^^'itchboa^(l  to  be  431.050  klowa 
hours  per  year,  the  engines  would  generate 

Ij;  X  i:n ,():)()  =^r)Sl),(jSO  hor^e-power  hours, 
and  the  boih^'s  wouhl  generate 

l.N  X  4ol.or)()  =^  775,800  horse-power  hours, 

30.  Assuming  an  engine  guarantee  of  24  pounds  of  steam 
hors^e-power  ])( r  hour  and  a  direct  evaporation  of  8  pounds 
])(>ini(l  of  CM)jil,  tlien  the  total  coal  consumption  will  bo  1,1'Uti 
and   tlie  water  consnm])tion  :i07,042   cubic  feet.     It  i>  ^^afc 
asrsume  that  only  50  per  cent,  of  this  water  is  wasted  and  that 
remainder  is  returned  to  the  boilers. 

40.  Taking  the  cost  of  a  good  grade  of  coal  at  $3.75  per' 
water  at  10  cent?  per  100  cubic  feet,  oil  and  waste  at  $400,  in 
est  and  depreciation  of  $:],000,  ash  removal  at  $218.25,  5  pore 
of  the  cost  of  t\w  coal,  and  charging  one-half  the  cost  of  tliof 
in  tlie  fire  and  euirine  rooms  to  this  account  or  $2,500  w 
niakr  t\w  total  cost  of  operating  the  electric  plant  $10,<5-1- 
a[)proxiniately  2i  cents  per  kih)watt  hour. 

41.  All  of  the  data  herein  contained  are  from  actual  pra< 
and  do  not  wholly  agree  with  theory,  but  as  we  have  be: 
stated,  there  are  so  many  elements  entering  into  the  pro! 
that  sooner  than  base  everything  on  pure  theory  we  necesss 
let  I  he  results  of  practice  govern.  In  the  design  and  const 
tion  of  dynamos  tlu^  trade  seems  to  agree,  but  there  is  tlieg 
diversity  of  i)ractice  among  high-speed  engine  builders.  ' 
will  use  a  1,200  pound  fly-wheel  on  an  85  horse-power  eng 
and  another  calls  for  2,000  pounds.  Sizes  of  shafts,  lengthi 
bearings,  and  in  fact  nearly  all  parts  vary  so  materially  that 
wonders  why  there  is  not  some  absolute  rule  adopted  by  tb 
1'he  designs  are  so  similar  that  there  is  no  reason  for  the  ff 
dissiniilaritv  in  sizes,  unless  it  can  be  a  commercial  reason. 

42.  We  have  not  attein])tcd  to  more  than  touch  upon  thei 
that  there  must  necessarily  be  fire  equipment,  and  well  de?igi 
systems  of  water  sui)ply  in  tall  buildings,  and  that  large  pumpi 
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i  are  also  an  essential  part  of  the  equipment.  Reservoirs 
stablislied  botli  in  the  cellar  and  on  the  roof,  eouneotions 
on  all  floors,  and  in  case  of  fire  with  Siaiueae  or  twin  con- 
ins  with  the  street.  Water  pressure  must  be  reduced  in 
■ns  by  moans  of  reducing  pressure  valves  and  great  care 
ised  to  avoid  leaks,  undue  strain:*  or  water-hammer  in  the 
In  addition,  the  building  is  equipped  with  interior  tele- 
?,  ticker,  messenger  and  bell  wiring,  mail  chutes,  ventilating 
Ds,  and  in  fact  innumerable  devices  for  comfort  and  con- 
nce  that  aid  to  rent  it.     The  very  best  of  talent  ia  slud^-ing 

■  day  to  improve,  and  it  is  the  aim  of  the  designer  to  make 
building  su])erior  to  its  predecessor,  until  it  seems  as  thongli 
ive  nin:it  have  reached  the  very  atme  of  success,  and  to-day 
fonder  of  the  world  is  the  American  Tall  Building.  It  i* 
V  constructed,  comfortable  and  sanitary,  a  model  in  every 
ct  and  a  monument  to  the  American  Architect  and  Engineer. 
,  Great  minds  and  many  are  studying  the  question  under 
ssion.  iluch  credit  is  due  to  the  American  Engineer  and  to 
iventor  for  his  work.  The  field  is  large;  there  is  still  miieli 
'  done,  but  wc  may  safely  leave  this  to  those  who  are  now 
ng  tJie  subject  a  specialty.  Jlore  and  more  englnpt'rs  are 
'ing  tliifl  field,  aud  the  demand  for  their  services  becomes 
er  as  time  goes  on.  Contractors  recognize  the  value  of 
services  on  the  work,  and  it  is  needless  to  say  that  as  in  a!l 

■  great  works,  the  services  of  the  engineer  is  a  large  factor  in 
ccossful  undertaking.     By  no  one  is  ho   more  appreciated 

by  the  architect  whom  he  works  in  conjunction  with;  who 
es  the  idea  and  leaves  to  him  the  large  question  of  structural 
mechanical  design. 

DISCrf^SION. 

r.  Williinii  If.  I}n/iiii.^y\i:  Well?  prt^cnts  much  intertwtins 

vahiuhle  data.  Takiii-r  up  his  dfsigti  of  pliml  (panigraplti' 
:Haiid  :[.-.).  I  luive  follonv.l  a  dilfer..,:!  iihin  in  my  own  pratv 
.  Ynr  a  nia-\iituiiii  load  of  li.'.T  kilowatt;',  I  should  insrall 
■''  \m  kili.wiiti  units  inslea.l  of  two  i-J.'i.  one  100.  and  one  50. 
li  p<'iiks  rodtiriuc  but  a  short  iierioil.  and  modern  unit^  are 
iRnwl  i„  ctrry  ovcrioacis  of  J  to  ^.  'I  wo  units  Would,  tbtro- 
^  take  fare  of  t!ic  peak,  leaving  t!ic  llurd  in  re:<Krve.  Tho 
"ItinfT  iiiant  would  b<'  much  simph'i-,  cheaper  to  inst*U  and  to 
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operate  all  units  and  their  repair  parts  would  be  intercluxigeable, 
the  floor  plan  would  be  better,  the  plant  would  occupy  less  ^ce, 
while  the  reserve  capacity  would  be  ample  to  meet  all  require 
mciir-.  If  extreme  economy  in  first  cost  is  necessarv  onlv  one 
enuine  need  be  com])onnd.  The  others  being  reserve  engines, 
used  only  occasionally,  could  be  simple. 

It  is  true  that  the  four  units  proposed  could,  theoretically,  lie 
adapted  to  varying  loads  with  greater  fuel  economy.  In  practice, 
however,  operating  engineers  will  not  change  their  units  over  for 
small  changes  of  load,  and  they  prefer,  furthermore,  to  always 
have  a  surplus  of  power  in  motion  to  take  care  of  a  possible  sudden 
increase  of  load. 

The  table  in  paragraph  33  is  not  altogether  clear,  particularly 
the  third  and  fourth  lines.  The  attempt  to  predict  the  hours  and 
amount  of  load  is  laudable;  but,  in  my  judgment,  largely  futOe. 
Xo  two  buildings  are  alike.  Everything  depends  upon  the  build- 
ing, its  construction,  natural  light,  and  the  business  carried  on 
by  the  occu])ants.  !Mr.  AVcdls'  units  suit  his  assumed  loads,  but 
would  ])robal)ly  me(*t  the  actual  req\iirements  of  any  particular 
building  no  better  than  mine.  Furthermore,  some  economy  i» 
always  ])ossil)le  by  varying  the  steam  pressure  to  suit  the  actuil 
loads. 

LMr.  AV(dls  gives  no  rules  for  computing  boiler  power,  but  his 
ratio  of  l.S  boiler  horse-power  per  kilowatt  of  dynamo  load  seems 
higher  than  iiee(*ssary.  Acce])ting  his  engine  water  rate  of  24 
jxHiuds  ])er  indicated  horse-power  hour  (paragraph  39),  the  stand- 
ard boiler  unit  of  oO  pounds  of  water  from  feed  of  100  degrees  - 
Fahr.  into  steam  of  70  pounds  gauge  pressure,  appears  more 
thnn  ample  and  would  take  care  of  all  auxiliaries  and  conden* 
tiou  losses.    1  sliould  consider  a  ratio  of  1.5  boiler  horse-power  per   ■ 

I 

kilowntt  sufficient.  On  this  basis  the  peak  load  of  257  kiloiratt 
would  dem;ni<l  'J^T)  rated  boiler  horse-power.  The  modern  boiler 
is  designed  to  1k^  overworked  from  i  to  ^  continuously  duriif 
peak  l(>ads,  so  that  the  above  capacity  could  easily  be  generated 
with  l)oiIers  of  L^^J)  hors(»-p()wer  rated  capacity.  I  should  design 
for  su(di  a  plant  three  boilers  of  150  rated  horse-power  each,  tffo 
to  do  the  maximum  work  and  one  for  reserve.  This  computation 
does  not,  of  course,  tak(»  into  account  the  steam  that  uiigbt  1* 
necMleil  for  other  ])ow(m*  ])urposes,  such  as  elevators,  pumps,  or  for 
heating,  which  are,  of  course,  important  elements  in  any  specific 
problem. 
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7he  two  pipe  system  of  steam  heating  has  long  been  obsolete 
he  west.  Buildings  under  about  eight  stories  high  are  usually 
plied  from  basement  mains,  the  returns  coming  down  the 
ply  risers.  In  taller  buildings  a  steam  supply  line  rises  to  the 
LC,  which  is  then  traversed  by  a  supply  main  serving  the 
cending  risers,  which  carry  both  steam  and  returns.  First 
»r  radiators  are  sometimes  supplied  from  the  basement  main, 
i  sometimes  by  an  independent  basement  main.  Weeftem  achi- 
ts  have  been  educated  up  to  the  supplying  of  suitable  attic 
jce  for  this  and  other  necessary  purposes. 
The  relations  between  the  architect  and  engineer  in  the  design 
1  construction  of  modern  buildings  arc  worthy  of  more  oon- 
oration  than  tliov  have  thus  far  received.  Such  structures  are 
ite  as  much  problems  in  engineering  as  they  are  in  the  archi- 
!turo,  and  the  engineer  should  insist  upon  proper  recognition  of 
;  duties  and  responsibilities.  It  is  to  be  hoped  that  this  So- 
!ty,  and  the  others  interested  in  the  new  Union  Engineering 
ilding  in  New  York,  will  insist  upon  proper  recognition  of  the 
inding  and  dignity  of  the  engineer.  The  precedent  thus  estab- 
hed  will  \h}  potent  and  far-reaching. 

ifr,  George  W.  CoUcs, — T\w  same  objection  lies  against  the 
les  of  theso  papers  as  raist^I  by  Professor  Bull  against  the 
*am-turl)ine  paiKTs,  to  wit,  that  they  do  not  refer  to  tall  office 
lildings  in  general,  as  tlicv  ])iirp<)rt  to  do,  but  only  to  those  in 
pw  York  City;  conscnuditly,  although  much  of  what  is  said  is 
[Ually  true  of  buihlinirs  in  otlu'r  cititM  and  is  valuable  to  their 
•*<ijrncrs,  then*  is  also  u  grt'at  deal  which  docs  not  apply  outside  of 
<'W  York.  For  ('xam|)hs  the  econoinical  limit  of  height  is  stated 
r  Mr.  Holtoii  to  Ik*  sixt<M'M  stories;  this,  of  ccnirse,  applies  ex- 
usivoly  to  Xcw  York,  and  th<'ii  only  to  the  down-town  district 
wl  at  the  pr(»srnt  time.  In  cities  outsid(»  of  Xew  York  and  Ohi- 
1(0  it  is  nn<loul)t(Mlly  mnch  h'ss  than  sixteen  stories,  as  few  build- 
ers oxi^t  of  that  height  in  other  cities,  and  those  that  do  exist 
flpct  rather  a  p<*nehant  lor  a<lvertising  on  the  part  of  their 
»*ncrs  than  an  attempt  to  p't  th<»  biggest  i)ercentage  of  income 
the  investUM'ut.  Although  there  are  nniny  buildings  in  New 
»rk  higher  than  sixteen  stories,  it  seems  doubtful  whether  the 
'ome  from  the  fl(H)rs  a  hove  sixteen  stories  is  sufficient  to  pay 
r  tin*  cost  of  niaint<*nanee  and  tixcMl  charges.  It  would  have 
••a  lK»tter  ha<l  we  been  furnished  by  ^Ir.  Bolton  with  a  regular 
l)le  of  cM^st  of  maintenance  an<I  lixed  charges  of  each  added 
46 
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>t(>rv  from  the  bottom  up,  which  would,  of  course,  apply  to  a 
citv;  and  side  bv  side  with  this,  the  income  derivable  from  es 
a<ld(Ml  storv  and  per  cent,  interest  on  investment  of  the  net  incoi 
which  latter  fip^ires,  of  course,  would  apply  only  to  Xew  To 
but  could  be  recalculated  for  any  other  city,  and  would  si 
us  exactly  where  the  economic  limit  lies  in  each  case.  But ' 
is  a  question  for  the  architect  rather  than  the  engineer. 

These  pap(M-s  are  unfortimately  very  fragmentary  in  tl 
nature,  and  it  seems  unfortunate  that  the  authors  were 
allowed  more  space  in  which  to  fully  set  forth  their  materia 
hand,  as  thcv  would  have  been  of  just  so  much  more  valu 
those  who  luive  occasion  to  design  plans  for  office  buildings.  1 
as  it  is  thev  contain  about  the  best  available  information  on 
subject  aatli(M'e(|  toij^ether  in  one  place,  and  we  should  be 
grateful  iov  tlioir  contribution. 

liei'ei-ring  to  foundations,  I  note  that  Mr.  "Wells  states  in 
pa])er  (paragrapli  7)  that  the  seepage  amounts  to  less  than! 
<!:allons  a  dav.  That  is  not  extraordinarv;  in  fact  it  seems • 
low,  l)ut  why  should  there  be  any  seepage  if  the  foundations 
been  well  waterjn'oofed?  Xothing  is  stated  as  to  the  i» 
])r()<>Hn,a'  of  foundations,  and  those  shown  in  the  paper,  Figu 
do  noi  sliow  any  waterj) roofing.  I  would  like  to  ask  what  stj 
waterproodnii-  I.e.,  as|>halt,  or  tar-felt,  or  thick  cement-ni( 
or  other — is  used  for  this  work,  and  whether  anv  one  kin< 
IxM'u  acuerallv  adoijted  to  the  exclusion  of  others. 

rij)inu'  slioul<l  Ik*  se])arated  into  two  parts,  namdj,  the 
st(-aiii  au<l  exliaust-steani  lines,  as  each  system  of  piping  seei 
he  sulHtantially  iiide])en(h'nt  of  the  others. 

L  believe  Mr.  Wells  has  magnified  the  labors  of  the  elec 
etiaineer  more  than  thev  deserve.  There  is,  it  seems  tc 
scarcelv  anv  (deetrienl  work  that  is  more  a  matter  of  routint 
wliieh  ])i'esent  fewer  ])n^hlenis.  There  is  here  no  questK 
to  euiTent  sy.-tenis,  dyuanio-types,  wiring  methods,  e^c.,  as 
have  all  been  >taii(lardi/ed  years  ago.  The  direct  current,  t' 
tlii*ee-\vir(\,  1  10  or  i^iJO-volt  system,  which  was  the  first  that 
came  into  use  eoiiiniei'eially,  has  never  been  superseded  fo' 
ela-^s  of  W(.rk.  and.  so  far  as  we  can  see,  never  will  l)e. 
are  no  jjrohleuH  of  alternating-current  or  high-tension  to  p^ 
the  engineer  or  increase  the  ditficulty  and  necessity  of  preca^ 
The  intei'ior-iron-conduit  system  for  ^vi^ing  is  now  the  only  oi 
such  buildings  and  jjrobably  is  as  good  as  it  ever  Avill  he. 
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le  is  true  of  lamps,  switches,  and  appliances  generally.  In 
t,  the  only  thing  in  this  line  that  the  engineer  needs  keep  up 
h  in  the  way  of  novelty  are  the  continual  cfhanges  in  the  under- 
ters  rules  and  city  requirements,  and  some  of  the  new  dodges  in 

way  of  comfort  and  convenience. 

Iff.  George  I.  Rockwood, — Both  of  these  papers  are  very  much 
>reciated  by  myself.  I  have  but  two  points  to  raise  in  respect 
them:  one,  the  neglect  of  either  to  mention  the  late  and  rather 
Iden  rise  in  popular  estimation  of  the  plunger  type  of  elevator 
'  high  buildings;  a  type  which  I  believe  is  destined  to  supersede 
5  electrical  and  the  hydraulic  cylinder  type  of  machines.  The 
»tive  power  for  providing  the  pressure  water  is  of  course 
eays  likely  to  be  derived  from  an  electrical  source; 
t,  owing  to  the  feeling  of  its  safety  experienced  by  every 
e  upon  seeing  the  shining  column  under  the  car,  connect- 
5  it  at  all  positions  with  the  ground  beneath  it,  a  feeling 
lich  wire  cables,  no  matter  how  many  are  provided,  can  never 
ve  to  qyite  the  same  satisfying  extent.  I  believe  in  the  plunger 
avator  as  the  final  t\'pe.  I  might  say  that  within  the  past  year 
ntracts  for  millions  of  dollars  worth  of  plunger  elevators  for 
« in  liigh  hotel  and  office  buildings  and  stores  have  been  closed, 
>mpletely  filling  up  the  manufacturing  capacity  of  the  two  rival 
akers  of  those  machines  for  years  to  come.  I  speak  of  these 
icte  because  I  l)eliov(»  thoy  ari^  not  generally  known, xand,  as  I 
ave  said,  are  not  mentioned  in  (Mther  paper. 

The  other  point  to  which  1  would  call  attention  is  the  lack 
i  ventilation  in  office  buildings.  Both  owner  and  engineer  seem 
0  have  given  up  the  problcMii  of  (efficient  ventilation  as  insoluble, 
ind,  it  would  be  interi^^ting  to  know,  why?  I  have  no  doubt  the 
"csl  reason  is  the  apparent  lack  of  general  demand  for  and  appre- 
ciation of  it  on  the  part  of  tenants.  It  is  well  known  also  to 
^neers  that  to  ventihite  tak(»s  three  times  the  weight  of 
Jteam  required  merely  for  heating.  Keference  has  been  made 
in  the  papers  to  the  value  for  rental  purposes  of  the  floor  area 
*«en  up  by  vertical  air  (hu^ts  of  large  size;  a  value  which  prac- 
tically prohibits  the  use  of  such  ducts. 
Ihe  problem,  however,  surely  must  soon  be  solved,  for  there 

»  wneath  the  surface,  a  greater  *'kick'  against  foul-smelling 
Ouiceg  than  hae  yet  made  itself  manifest  to  their  owners.     We 

*niiot,  to  be  sure,  put  down  a  single  great  fan  in  the  eub-baae- 

^^  and  pump  air  into  each  office  by  a  system  of  ducts  all  con- 
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nected  to  a  single  large  vertical  riser  eight  or  ten  feet  sqiiBivao 
the  ground  floor;  but  why  should  not  a  separate  complete  iu 
system  be  provided  on  each  floor?  I  do  not  see  any  dbjectioolo 
that  method^  and  have  lately  adopted  it  in  the  case  of  t  grov 
of  sixteen  hospital  buildings  with  a  central  station  for  generatuig 
electric  power  and  -st^am,  and  in  each  building  a  hot  blast  better, 
a  supply  fan  and  an  exhauster.  Why  could  not  lite  same  Bystemk 
put  up  overhead? 

There  is  one  other  matter — a  .personal  issue — ^in  cxnnectkiD 
with  ^fr.  AVells'  paper  on  which  I  should  like  to  say  a  wii 
He  refers  to  the  so-called  Van  Stone  pipe  joint.  This  joint  is  nw 
a  stanchird  in  this  country  for  large  piping  under  heavy  ppeaauR; 
and  inasmuch  as  I  invented  it  and  took  oiit  a  patent  on  it,  I  mts- 
rallv  would  like  to  see  that  name  abandoned. 

Mr.  Nisth, — While  I  have  given  greater  attention  peibifi 
to  the  paper  of  Mr.  Wells  than  to  that  of  Mr.  Bolton,  fortunitely 
for  me  they  begin  at  about  the  same  point  as  far  as  the  mechU' 
ical  engineer  is  concerned — namely,  the  elevator.  He  populir 
opinion  that  the  hydraulic  elevator  is  superior  to  the  electric  ele- 
vator for  tall  office  buildings  is  voiced  here,  and  yet  I  think  there 
is  good  reason  why  we  should  not  believe  always  what  the  people 
Ix^lieve.  If  the  electric  elevators  of  to-day  are  npt  smtiUe  in 
design  for  the  attainment  of  the  proper  speed,  the  elevators  w 
to-iuorrow  or  next  year  probably  will  be.  I  believe  the  red 
source  of  trouble  in  not  getting  electric  elevators  adapted  to  W 
use  in  tall  office  buildings  is  the  effect  on  the  speed  produced  by 
the  met'hods  of  control  that  we  now  have.  Here  in  Chicsgow 
do  get  very  good  results  out  of  the  electric  elevator,  and  ^  get 
them  in  all  classes  of  buildings  regardless  of  height  or  dimenffloni 

As  to  the  miiiil)(»r  of  elevators  that  we  may  put  in  an  offi* 
Imilding  to  got  the  best  results  out  of  it,  I  quite  agree  with  those 
who  look  for  a  formula.    It  is  not  necessary  to  depart  from^ 
has  hovn  doiioininated  horse-sense  in  this  matter  if  we  Tifl«  •  '^ 
inula.     We  are  not  compelled  to  tie  ourselves  down  to  it  9MJ 
more  than  we  are  in  the  matter  of  steam  heating.    There  tf'^ 
volved  in  the  question  not  only  the  area,  but  the  speed  of  theetf) 
that  is,  its  running  speed,  the  length  of  time  it  takes  to  aocdcnie 
and  to  retard  and  the  intervals  desired  between  cars.   NbwIw'J 
develo])ed  a  little  formula  which  I  have  tried  with  pretty  gow 
success  in  some  buildings  that  were  erected  before  I  ctnw*^ 
Chicago  and  where  weakness  was  found  in  the  elevatofli   MJ 
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imply  this:  basing  first  a  calculation  on  the  height 
Qg  and  the  speed  of  the  obj,  and  tlie  desired  interval 
,  I  make  it  about  thus:  the  height  in  feet  divided  by 

feet  per  minute,  mukipli<t:l  bv  a  constant  which  I 
red  to  he  about  330,  divid^>d  by  the  desired  interval 
etween  cars.  Applying  this,  I  have  discovered  that 
is  been  trying  to  run  a  lot  of  good  elevators  on  a 
conds  schedule  between  cars,  ami  the  best  he  coxild 
number  at  his  disposal  and  the  speed  at  which  those 
ried  from  40  to  50  secomls.  Tliey  tried  to  remedy 
by  putting  in  a  clock,  wbifh  should  ring  a  bell  for 
ime  for  the  cars  to  start,  but.  when  the  hell  rang 
onds  tlie  men  went  on  at  the  old  rate  of  40  to  60; 
ot  do  any  better  with  that  number  of  elevators  and 
hat  speed.  Then,  in  recognition  of  the  very  impor- 
at  area  has  in  the  calculation,  I  found  that  its  van* 
fie  area  of  the  cars,  and  I  allow  one  square  foot  to 
uare  feet  of  the  floor  area.  Then  to  get  the  number 
te  the  size  that  I  would  liki'  lo  nuike  them  and  I  put 
of  40  square  feet  on  the  ores  of  win*  ainj^le  car  and 
of  20.  Taking  my  first  fomuila,  based  upon  the 
peed,  I  use  that  for  a  minimuin,  and  it  gives  a  very 
r  of  cars,  and,  in  the  case  1  have  just  eited,  it  gave 
ibor  than  were  actually  installed.  But  by  taking  that 
n,  beneath  which  we  dare  not  go.  and  then  using  the 
floor  as  a  hanis  on  which  to  build  our  calculations 
can  generally  get  ju^^t  exai-tly  the  right  uiunbcr  of 

that  building  to  the  best  ;nlvantage. 
tter  of  fho  steam  plant  I  htivr  very  littlo  to  say.    "We 
?n  a  whirl  at  that  and  luive  iirought  out  Kome  good 

some  people  i)erha|i.s  \n\vv  lirouglit  out  some  poor 
I  wouhl  like  to  di>]>art  fruiii  ilie  u^ual  practico  of 
mits  alike;  1  have  found  in  the  la^t  few  years  that 
one  unit  of  200  kilowatts  and  another  of  100,  and 

of  about  ;tO,   or  possibly   ■'■O,    I  get  juat  about  the 

provided  always  I  have  llie  assieitaucu  of  8tutabl« 
take  proper  care  of  the  plant. 

dee. — 1  ain  very  glad  that  Mr.  Kockwood  has  brought 
?ct  of  venlilatioii.  Jlost  of  our  largo  buDdings  aro 
1  with  any  method  of  ventilation,  but  if  yon  go  into 
ill  office  buildings  in  New  York  you  will  observe  that 
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the  tenants  generally  adopt  some  means  of  ventilation  of  their 
own.     The  only  building  that  I  know  of  of  this  class  that  is  pri> 
vided  with  ventilation  is  the  Drexel  Building  in  Philadelphia,  h 
is  a  12-story  building,  one  of  the  earlier  modern  buildings^  biiilt 
for  business  purposes,  and  in  that  building  there  is  a  complete 
svsteni  of  exhaust  ventilation.     There  have  been  built  into  the 
walls  flues  :5  x  12  inches  made  of  sheet  metal,  ^vith  register? 
opcniuii'  out  into  the  rooms.     These  flues  all  run  to  the  top  of 
the  building  into  mains  of  constantly  increasing  size,  and  these 
mains  run  from  the  four  corners  into  a  large  exhaust  fan  placed 
in  a  little  house  on  the  roof,  wdiich  fan  is  driven  bv  an  electric 
motor.     The  result  is  that  there  is  a  constant  suction  in  and  up 
to  this  fan,  and  it  discharges  directly  upward  into  the  open  air. 
The  rooms  in  the  building  are  all  heated  by  direct  radiators  placed 
underneath  the  windows. 

Mr.  S.  II ,  Bunnpll. — The  back  pressure  conditions  under  which 
the  steiim  engines  of  office  biuldings  are  usually  operated  are 
])erhaps  not  sufficiently  emphasized  by  either  of  the  two  very  com- 
plete descriptions  just  presented.     As  the  dark  months  are  also 
th(^  cold  nK)nths,  heavy  lighting  load  and  the  greatest  back  pres- 
sure on  the  exhaust  heating  system  are  simultaneously  reqnired. 
Tlie  greatest  range  of  expansion  possible  from  steam  at  say  120 
])ounds  is  to  about  '5  ])ounds  above  at  atmosphere,  or  7^  times. 
Engines  f(n*  those  plants  are  required  to  develop  their  minimum 
working    load    on    this    expansion    ratio,    and    their    maximum 
])ow(M'  on  ratios  entirely  too  small  for  compound  engines.    It  seems 
to  1)0  invMrialdy  the  case  that  the  actual  working  loads  over  lone 
periods  fall  nnicli  below  the  full  load  capacity  of  the  engines;  for 
ol)vious  roa-oTi>  whore  ol(M-tric  elevators  are  operated,  and  ver}* 
('(insidcrably  in  ilio  casc^  of  lighting  serWce,  since  passing  stonn^' 
and   other  canso   ojx'rate   to   suddenly  vary  the  use  of  lights. 
Fnrtlicr,  two  or  three  engines  are  usually  as  many  as  can  be  pro- 
vi<led  without  too  nnieli  sulxlivision  of  the  total  capacity  and  too 
large  a  sj^aee  rcMpiirenient,  so  that  even  a  steady  load  can  not  gen- 
erally i)e  carried  by  exactly  the  proper  engine  capacity.    Sufficient 
stress  has  not  been  laid  u])on  the  imperative  requirement  of  best 
economy   over    widely   varying  loads  instead   of  high  full  W 
economy.     S] )eeil lea t ions  rail  for  guarantees  of  steam  consump- 
tion at  full  load  and  without  back  ])ressure,  and  engine-builders 
can  do  nothing  else  but  furnish  the  compound  engines  which  show 
best  results  under  the  set  conditions. 
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»  non-condenfflDg  compound  engiiif  has  a  place  wherever  it 
>  loaded  to  its  proper  capacity;  but  as  it«  minimum  load  and 
;ion  of  best  economy  is  with  a  teniiinal  jiroesure  near  five 
Is  above  atmo&pherie,  thus  eitttinjj  off  ya  iu  the  high  pres- 
cylinder,  its  full  load  capacity  can  hardly  be  double  tho 
lum,  and  this  with  very  bad  efScicnoy.  If  the  average  load 
»  about  I  full  load  and  not  vary  j];rcotly,  the  non-condensing: 
Hind  is  all  rif^'ht.  Under  the  usual  conditions  it  would  seem 
simple  engines  are  much  better  suitfd  to  this  work,  sinco 
have  a  range  of  ponver  from  that  developed"  at  |  cut-off, 
ut  making  the  wasteful  terminal  loop  in  the  indicator 
un,  to  that  developed  at  eay  f  eut-otf,  and  their  maximum 
my  between  ^  and  tV  cut-off. 

e  line  of  improvement  to  follow  is  that  of  better  valve 
I  for  the  simple  engine,  and  this  is  ihc  idt-n  of  the  four-valve 
■-  cylinder  type  to  which  brief  refeiviu'i'  has  been  made  in  the 
B.  It  necd«  only  a  glance  at  the  diagriim  of  the  steam  dis- 
ion  in  a  non-condensing  compound  engine  with  its  paps  and 

imperfections,  compared  with  tliat  of  a  four-valvo  nimplc, 
I^;e8t  what  is  actually  shown  by  service  conditions,  tliat  eom- 
ling  a  non -condensing  engine  on  a  varying  load  is  a  waste 
ice  anil  money. 

lope  Mr.  Boltnn  ami  Jlr.  Weils  will  give  tho  enginc-biulders 
nee  to  sell  them  simple  engines  winch  shall  haw  u  very  much 
er  range  of  ca)>a(^it.\-  with  excellent  i-conomy,  than  thi-  com- 
i,  and  I  ain  sure  that  such  engines  wHU  comv  near  rculisiog 
tVell's  computation  of  21  cents  per  hour,  inst^d  of  the  lutual 
of  4  to  10  cents, 
r.  Bryan's  renuirks  in  favor  of  the  ehn'trie  elevator  are  in  line 

my  obsen-ation,  that  the  increasing  »*e  of  theso  machines 

their  varjnng  load  requirements  is  preventing  the  realization 
3mpound-enginc  ecunouiy,  and  making  the  simple  four-valvo 
ne  the  host  for  the  service 
r.  R.  I,.  Giffor(l.~T\xv  scope  of  i1k'«o  papcra  is  to  cxtODdt'd 

io  the  short  lime  at  one's  disposal  ii  U  hardly  poiiMble  lo  mfer 
bem  even  in  a  general  way.  I  will  simply  refer  to  two  or 
«  tnatters  that  have  Ijecn  brought,  up  in  the  discussion.  In 
'u  places  wo  have  fniuid  it  necessary  to  use  a  damp  course  in 
•tttc  walls,  and  in  conerete  floors  in  s"me  places  where  the 
*  IS  placed  in  a  siil>-l>ii-<'mi.'nt.  The  floor  arches  are  reached 
1st  the  thrust  from  below,  just  the  revorso  of  onUnar)'  floor 
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constrnction  in  the  upper  floors  of  a  building,  and  in  treating 
a  coiK'r(»te  wall  to  make  it  impervious  to  seepage,  if  it  is  given  two 
coats  of  hot  asphaltum  on  the  outside  it  wiil  generally  protect  it 
from  scc^pa^io  from  the  outside,  or  even  from  sweating  on  the  in- 
side. If,  on  the  other  hand,  it  is  desired  to  make  a  wate^p^)o{ 
tank,  the  coating  should  be  placed  on  the  inside.  It  is  frequently 
noccssarv  to  use  stool  plate  ash  pans  under  boilers  in  order  to  get 
<rr(*ator  hoiid  room  in  the  ash  pits  under  the  grates,  than  the  water 
level  in  a'rouud  would  otherwise  permit. 

Tn  the  matter  of  choice  between  the  installation  of  electric  and 
hydraulic  elevators,  I  think,  it  is  largely  a  question  of  the  service 
deuian<led  by  the  Imildin^,  and  the  amount  of  money  available  for 
th(^  first  cost  of  installation.  'WTiere  the  loads  are  light  and 
variable^  the  eleetric  elevator,  of  course,  is  the  elevator  to  use 
as  tli(^  porcentiiu-o  of  current  or  power  required  is  nearly  in  direct 
])ro])orti()n  to  the  load  lifted.  In  department  stores  where  the  load 
is  heavy  and  constant,  and  the  cars  run  at  their  full  capacity 
all  day  the  hydnuilic  elevator  will  give  the  best  service  with  the 
mininiiiiii  operating"  and  repair  expense.  Of  couse,  in  order  to 
ii'et  ec()Tioiny  in  the  operation  of  hydraulic  elevators  it  is  neces^ 
^'Avy  in  iustnll  liii»'h  duty,  and  therefore  very  expensive  pumping 
engines. 

4 

K('-]K'ctiii,i:'  veiiiilation  in  office  buildings,  one  of  the  great  diffi- 
enliirs  is  that  tliese  buildings  are  sub-divided  into  so  many  small 
r<M)iiis  iliul  in  onler  to  got  in  our  stacks  and  flues  and  ducts  too 
mueh  valuable  s]>aeo  is  used  up.     As  a  rule,  in  offices  where  there 
are  onlv  two  or  thnn*  occupants  satisfactorv  ventilation  can  be 
nl)iaiii(Ml  by  >iuij)ly  creatinii:  an  up-draft  through  the  halls 
elevator  sliaft>,  and  having  the  transoms  over  the  doors  open 
in  sonic  ca-r^  j ►lacing  i'egi>ters  in  lower  panels  of  doors.     How* 
(  v<r,  in  lio,-|)iiaK  and  auditoriums,  theatres  and  banks,  \vhereuie 
room-  are  large,  and,  of  course,  in  school  buildings,  the  ventila- 
tlnii  -hould  always  he  an  ini])ortant  part  of  the  mechanical  ctiiup* 
incut.     lIo-piial<,  Avliero  the  groat(\st  refinement  in  ventilation i3 
I'c.juii'c*!,  -lionld  ha\(^  a  system  of  air  washing  combined  ^vith  tne 
niccliaiiical  \'cnt ilai  Inn,  drawing  the  air  in  from  the  in-take  at tne 
roof,  j)a>-ing  it  tlimugli  tcnipenng  coils  in  the  w^inter,  thenpfl^^^   ■ 
it    iliJ'<Migli    a    minutely-divided    water    spray,    after  which  tn    I 
humidity  i>  rcmovecl  by  ])as<ing  it  through  dryers,  part  ot 
air  is  then   run  directly  through  the  heater-coil  stacks,  and  t 
balance  by-pas>e<l  armmd  tlu^  heater  stacks,  after  which  it  go^ 
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lixing  chambers,  the  dampers  of  which  are  controlled  by 
loetats  in  the  various  rooms  to  be  heated.  So  that  the 
wt  refinement  can  be  obtained  and  the  air  delivered  at  any 
irature  that  the  oceiipants  of  the  room  may  desire. 
■-  J.  H,  Wells* — It  interests  me  very  mueh  to  learn  that  so 
engineers  are  interested  in  the  meehnnicnl  problem  whieh 
i  into  the  construction  of  tall  buildings,  aud  although  no  two 
eeem  to  agree,  atill  I  am  satisfied  that  no  great  diver«ty  of 
in  exists.  The  first  gentleman  who  spoke  upon  this  paper  in 
iaing  the  theoretical  layout  of  the  plant  proposes  a  solu- 
*hicli  in  my  judgment  would  be  wholly  inadequate.  In  an 
building  in  New  York  City  of  the  tyix>  described,  a  plant 
as  he  proposes  would  not  furnish  sutlicient  break-down 
«,  and  wore  an  accident  to  happen  to  qne  of  the  one  hundred 
Rtt  machines,  I  question  very  much  whether  the  other  two 
i  furnish  sufficient  power  to  light  and  ventilate  the  buiHing 
^tely.  The  demands  of  New  York  business  men  are  so 
;  that  it  would,  in  my  judgment,  be  too  small  a  plant,  and 
etitiou  is  BO  strong  that  only  the  best  of  buildings  are  sought 
gh  rent  payers.  The  conditions  in  New  York  City  are  so  en- 
r'differi'nt  from  tlioso  in  St.  Louis  that  so  light  a  plant  as  thi; 
iroposed  would  not  be  considered  as  a  first-class  oflice  building 
ew  York, 

w  criticism  regarding  the  lack  of  broadness  in  my  paper  is  well 
ded,  but  in  the  body  of  uiv  paper  I  have  stated  that  each  par- 
o  part  of  the  iiiechanical  installation  would  require  a  volume 
operly  describod. 

*  Aathor'B  tilosan,  nnder  tbo  Rules. 
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W*.  lOST.* 

SOME    THEORETICAL   AND   PRACTICAL  CO, 
TIONS  IN  STEAM  TURBINE   WORK. 


BT  FRANCIS  HOIMSKIK80M,  VAST  PITTSBUBa,  PA. 

(Member  of  the  Socfety.) 

1.  The  general  subject  of  steam  turbines  is  not 
transactions  of  this  Society — ^the  paper  presented  by 
Thurston,  in  1900,  forms  a  valuable  treatise  on 
Later,  at  the  June  meting,  1903,  a  paper  by  F.  A.  Wi 
presented,  which,  from  the  operator's  standpoint^  sh< 
around  commercial  economy  of  the  turbine^  and  was  a 
the  durability  and  general  performance  of  the  partic 
he  described.     It  is  therefore  intended  to  confine  this! 
some  special  features  of  turbine  work,  wldeh  have  a 
intimate  bearing  upon  the  operation  of  a  suocessf  nl  si 

The  IdmL  Turbine  EleiMnL 

2.  An  ideal  elementary  turbine  may  be  said  to 
steam  nozzle  directing  a  tangential  jet  of  fluid  upon 
wheel  of  the  Polton  type.    This  type  of  bucket  is  sel 
it  may  be  capable  of  giving  a  complete  reversal  to  the  jl 
the  spent  fluid  may  issue  from  the  buckets  without 
Even  this  type  may  not  be  quite  ideal  because  of 
which  must  necessarily  exist  between  the  outlet  of  the 
the  receiving  wedge  of  the  buckets,  the  effect  of  which 
cause  friction  between  the  jet  and  the  surrounding 


*  Presented  at  the  Chicago  meeting  (May  and  June,  1904)  of 
Society  of  Mechnnical  Engineers,  and  fonnlng  part  of  Volume 
Transactions. 

f  For  further  discussion  on  this  topic,  consult  7\mmeiions  as  foU0il^ 
No.  345,  vol.  X,,  p.  680  :  "  Notes  on  Steam  Turbine."    J.  B.  Webb. 
No.  648,  vol.  xvii.,  p.  81  :  •'  Stoam  Turbine."     W.  P.  M.  Goes. 
No.  S7«),  vol.  xxii..  p.  170  :  *'  Steam  Turbine."    R.  H.  Tbnzston. 
No.  987,  vol.  xxiv.,  p.  999  :  "  Steam  Turbine  from  Operaling  StandpcMH^ 
Waldron. 
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eddies,  and  perhaps  entraining  some  of  this  surrounding 
ium. 

.  Steam  expands  approximately  adiabatically  in  the  nozzle^ 
on  its  arrival  at  the  exit  should  be  thoroughly  expanded  to 
Bxhaust  pressure,  so  that  its  heat  energy  may  be  entirely  trans- 
aed  into  kinetic  energy,  and  its  velocity  be  the  greatest  at- 
ablc  on  striking  the  buckets.  For  conditions  of  maximum 
iency,  the  same  relation  between  velocities  of  jet  and  vane 
lies  to  the  steam  impulse  wheel,  as  to  its  hydraulic  analogue; 
,  bucket  speed  equals  one-half  of  jet  speed. 
.  The  difficulty  of  such  a  design  as  this  is  obviously  due  to 
fact  that  the  velocity  of  steam  expanding  between  even  mod- 
»  differences  of  pressure,  is  so  high  as  to  render  the  most 
dent  velocity  of  the  bucket  difficult  to  provide  for  because  of 
limitations  of  strength  of  materials.  Thus,  for  terminal  press- 
of  165  pounds  and  1  pound  respectively,  the  bucket  speed 
nld  be  2.025  feet*  per  second.  In  practice,  the  maximum 
lined  is  1,378  feet  per  second  in  a  300  horse-power  De  Laval 
bine,  which  is  32  per  cent,  below  speed.  In  a  50  horse-power 
Mne,  the  bucket  velocity  is  58  per  cent,  below  normal,  but  even 
this  speed,  the  radial  stresses  amount  to  23,000  pounds  per 
lare  inch. 

The  Expansion  of  Stea/nt. 

►.  The  so-called  phenomenon  of  ^maximum  flow  of  steam 
High  an  orifice  is  now  generally  understood.  It  has  been  gen- 
ly  stated  that  the  velocity  of  steam  flowing  through  an  orifice 

not  exceed  about  1,500  feet  per  second,  no  matter  what  the 
arences  of  pressure  may  be.  This  condition  has  been  said  to 
leached  when  the  exhaust  pressure  bears  a  certain  ratio  to  the 
ial  pressure.  This  ratio  lias  been  variously  given  from  62  per 
t  to  58  per  cent. 

►•  Experiments  made  at  East  Pittsburg,  however,  seem  to  show 
t  the  above  figures  vary  with  the  initial  pressure.     The  veloc- 

becomea  higher  and  tlic  above  ratio  lower  with  the  lower 
:ial  pressure.  Therefore,  in  the  above-mentioned  elementary 
l)ine,  if  the  initial  pressure  is  150  pounds  per  square  inch,  and 
'  exhaust  pressure  is  greater  than  85  jwunds  (57  per  cent  of 
>  initial  pressure),  all  that  is  needed  in  the  shape  of  a  nozzle  is 
well-rounded  orifice.     If  tlie  exhaust  pressure  is  less  than  85 


Connd  Anderaon^Trans.  Engrs.  &  Shipbuilders,  SootlaDd,  Norembtr,  1901. 


718 


SOUE  CONSIDERATIONS  IN  STEAM  TDSBm  WOU. 


poundB,  a  divergent  nozzle,  as  need  by  Gustav  De  Lavil,  isi 
sary.    Without  this  divergence,  the  steam  will  expand  onh 
the  nozzle  where  it  is  uncontrolled  by  its  walb,  and 
much  of  the  expansion  will  take  place  laterally,  whiclivill: 
further  accelerate  the  jet. 


7.  A  further  reason  for  the  divergence  is  apparent  from  * 
fac-t  tliat  the  work  done  hy  tlie  expanding  steam  varies  n«Hj* 
direct  prupovlion  to  the  number  of  expaQsiona,  and  abo 
directly  as  tlio  square  of  the  velocity.  The  volume  of  theeW* 
therefore,  increases  iiiiich  more  rapidly  than  the  veloci^j,  •• 
room  must  be  provided  for  its  proper  expansion  in  Uie  noale- 
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A  theoretical  design  of  a  divergent  nozzle  is  ebown  in  Fig. 
which  considers  a  nozzle  expanding  1  pound  of  dr.v  saturated 
I  per  second  from  an  absolute  pressure  of  165  pounds  per 
"6  inch  to  1  pound  per  square  inch.  It  has  been  assumed 
ibe  expansion  will  be  adiabatic,  and  that  equal  increments  of 
will  be  performed  in  equal  increments  of  nozzle  length. 
The  abscissae  are  laid  out  to  uniform  scale  and  re])resent  the 
pounds  of  energy  given  up  by  tlie  steam  expanding  between 
imits  of  pressure  referred  to  the  scales  of  ordinates.  The 
1  of  pressure  shows  the  pressure  drop  corresponding  to  in- 
ing  work.  The  velocity  curve  ia  calculated  upon  the  nssump- 
that  all  ener^  of  the  expanding  steam  has  been  expended 
oally  and  converted  into  velocity.     The  curve  of  the  tireaa 

e  nozzle  ia  found  by  the  equation  a  =  — jr"'- 

a  =  Area  of  nozzle, 
»  =  Specific  volume, 
(c,  =  Quality  of  steam, 
V  =  Velocity  of  steam. 

.  An  examination  of  the  curve  shows  that  the  throat  of  the 
e  corresponds  to  a  velocity  of  1,500  feet  per  second  and  to  a 
ure  57i  per  cent,  of  the  initial  pressure. 

.  It  is  logical  to  assume  that  ste.am  expands  adiabatically  in 
tile,  as  nozzles  are  generally  small  relative  to  the  amount  of 
a  passing,  so  that  there  is  little  opportunity  for  any  inter 
ge  of  heat  The  state  of  the  steam  at  tUe  outlet  of  tlio  nowlo, 
ifore,  is,  except  for  some  frictional  losses,  tlio  state  of  the 
ust  of  an  ideal  engine.  It  contains  considerable  water  which 
been  condensed  during  the  adiabatic  expansion  of  the  steam, 
may  amount  to  over  20  per  cent,  in  cases  of  low  exhaust 
iures,  and  is  discharged  from  tho  imzzlo  in  tho  form  of  vapor 
ne  apray. 

t.  If  the  steam  issuing  from  this  nozzle  bo  brought  hack  to 
in  a  closed  chamber,  tlio  kinetic  energy  of  the  jet  will  be  re- 
■erted  into  heat,  and  the  expand(4  sleani  will  bocomo  supor- 
t^i,  jnst  as  in  the  well-kiimvn  throltling  calorimeter.  Fig.  S5H 
n  this  graphically,  by  means  of  an  entropy  temperature  dia- 
a.  The  steam  expands  from  16i)  jwnnds  absoluto  to  1  pound 
Inte.  jS  represents  the  state  of  the  st^^'ani  at  thi>  outlet  of 
Qozde,  which  contains  23.1  per  vut,  of  moisture.     On  the 
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steam  being  brought  to  rest,  it  attains  the  state  Stni  becou 
superheated  167,8  degrees  Fahr. 

13.  An  interesting  fact  on  this  subject  was  pointed  out  by  M 
W.  H.  Watkin^on  (Transactions  of  the  Institute  of  En^neeisa 
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Fra.  8S& 

SiLiphuildiTs  in  Rcotlnnd,  vol.  xlvi.,  Part  V.),  of  EnglanJ. ' 
slidws  that  if,  ufKT  the  energy  of  the  jet  has  been  converted^ 
velot:ity,  wo  wvn-  to  separate  therefrom'  the  water  of  condensit 
and  tlicn  brinj;  tlie  jft  to  rest,  the  steam  would  become  If 
siiperhfatcd.     This  is  gr;i])liiwilly  shown  in  Fig.  359.    Diii^l 
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lite  of  pressure  as  heretofore,  the  steam  on  being  brought 
ses  in  temperature  670,1  degrees  Fahr.,  and  attains  "72.1 
Fahr.,  which  is  406.2  degrees  Fahr.  hotter  thao  when  it 
boiler. 
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'his  method  mifilit  Ix'  utilized  for  obtaining  snpcrboata^ 
t  n  modorate  pressure,  if  any  practicable  method  could  be 
tor  separating  the  watt-r  of  condensation  from  the  jet  be- 
3  brought  to  r<'st.  For  instance,  operate  the  boiler  at  400 
poimds  pressure  uud  expand  in  the  manner  above  outlined 
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to  150  pounds  per  square  inch,  then  separating  the  moisture  and 
bringing  the  steam  to  rest,  superheat  would  be  obtained  An 
analysis  of  the  cycle  will  show  this  method  to  have  about  the  same 
efficiency  as  though  the  steam  were  generated  in  the  boiler  at  150 
pounds  and  afterwards  superheated  to  a  corresponding  degree. 

Causes  of  Departure  from  the  Ideal, 

15.  Tt  is  probable  that  the  state  of  steam  issuing  from  a  good- 
sIzchI  nozzle  does  not  deviate  much  from  the  ideal.  The  onlv  losses 
will  be  due  to  the  friction  and  conduction  of  heat  along  the  walk 
The  larger  the  nozzle,  the  less  will  be  the  ratio  of  perimeter  to 
cross  section,  and  consequently  the  less  these  losses  will  become. 
In  the  i(l(ial  turbine  above  mentioned,  if  the  form  and  the  velocity 
of  the  buckets  were  such  that  they  might  wholly  absorb  the  veloc- 
ity of  tlie  jet  without  friction,  the  state  of  the  steam  on  leaving 
th(^  buckets  would  be  the  same  as  when  it  left  the  nozzle,  andve 
would  hav(^  a  turbine  approximating  an  ideal  engine,  except  fof 
tlu^  frictioiial  losses  of  the  nozzle. 

10.  In  pra(*tiee,  the  kinetic  energy  cannot  be  wholly  absorbed, 
I  lie  bu(*k(  is  cannot  generally  be  arranged  to  satisfactorily  make 
a  eoinpletc  rin'crsal  without  attendant  disadvantages;  hence  tie 
-team  issues  from  the  bucket  with  residual  velocity.  Where  the 
jet  is  arranged  to  impinge  upon  the  bucket  wheel  tangentially  or 
at  the  sides,  a  dei)arture  from  the  ideal  occurs.  In  the  De  Lavil 
iv])(^,  eom])let(i  reversal  cannot  be  obtained,  as  the  spent  steam 
must  (dear  the  buckets;  in  the  Pelton  type,  the  angular  position 
of  the  l)U(dvet  with  reference  to  the  jet  is  continually  changing* 
result  inu'  in  distorticm  of  the  jet  from  its  ideal  path.  There  is 
also  in  s(»me  forms  a  si)ill  from  the  buckets,  and  always  frictional 
losses  and  eddicv'^,  wdiieh  have  the  effect  of  lowering  the  velocity 
and  Ileal  ina'  up  the  steam  similar  to,  but  to  a  less  extent  than,  tlic 
effeel  in  a  throttling  calorimeter. 

17.   Willi  high  steam  velocities,  the  skin  friction  of  the  fluiJ 

passing  over  surfaces  such  as  buckets  amounts  to  a  considerable 

loss,  tliouali  the  exact  amount  of  such  losses  is  unknown. 

Piot'i-xu-  Perrv  savs :  * 

<        • 

"  I^ricrioii  in  lliiid.-  is  proportional  to  tlie  speed  when  the  speed  is  small:  to  the 
Sfpiarc  of  the  -^pc-.i  wlim  tin.'  .^jXM'd  is  greater;  and  at  stiU  greater  spee<l.s  iW 
I'ririioTi  inn\':i<«'>  iidto  ra])i(]ly  than  the  square  of  the  speed. 

'V\\v  resist  :iin'.'  to  ni-uion  of  a  riflo  bullet  ^s  proportional  to  the  square  root « 
tlio  lifth  j)n\vr'r  of  the  spj-cd." 

*  See   *  Applied  Mecbauics,"  by  Prof.  John  Perry,  p.  79. 
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In  tlic  type  of  turbine  above  described,  tlio  velocity  of  the  steam 
approximately  twice  that  of  a  rifle  bullet. 

18.  Dr.  Stodola,  in  his  excellent  work,  "  Die  Damp  Turbine," 
otes  a  test  by  Lewici  upon  the  friction  of  a  30  horse-power  Do 
val  disk  in  air  and  vacuum.  The  turbine  was  driven  by  a  eali- 
ated  motor,  and  in  order  to  bring  it  up  to  speed,  the  following 
wer  was  required : 

Atmnapherc.  19.(1"  Vuuiiin, 

Dry  saturated  steam 3,3  H. P.  =      11  i>i:r  ocQt,  S  per  Mill. 

Snperlieat  30U  degrees  C. ,  6.35  per  cent.  2  per  oant, 

19.  In  view  of  these  facts,  it  would  seem  desirable  to  avoid 
gh  stcaai  velocities  as  much  as  possible,  because  of  the  result- 
gfrictional  losses.  Another  reason  is  tlie  erosive  action  of  the 
earn  with  high  velocities.  This  is  quite  serious  when  the  steam 
initially  wet,  due  to  foaming  boilers.  In  this  case,  matters  are 
merally  made  worse  by  the  moisture  generally  carrying  with  it 
irious  kinds  of  solid  impurities. 

20.  In  this  connection,  the  author  lately  had  some  hard  druwu 
elta  metal  blades  exposed  to  two  steam  jets,  the  one  issued  from 
diverginj:  nozzle  with  150  pounds  boiler  pressure  behind  it,  and 
e  other  from  a  rounded  orilice  with  1  pound  pressure.    The  eho 

the  outlet  of  the  two  nozzles  is  the  same  in  nach  case,  and  the 
si^etive  velocities  were  approximately  2,000  and  BOO  feet  per 
cond. 

21.  The  bladi-s  were  kept  continuously  expofled  to  t'le  jets  for 
le  hundred  and  twenty-eight  hours, 

lii'.  Fig.  .'liiO  i-i  II  phiitii,uTii]>h  (if  their  i-oiKlition.  iu  which  itome 
insiilerable  amount  of  erosion  will  be  obaer^-ed  on  the  blades 
ibjected  to  the  higher  velocity. 

23.  A  rather  curious  feature,  too,  is  that  the  erosion  waa  inaxi- 
um  nt  the  center  and  the  extreme  edges  of  the  jet. 

24.  Xci  attempt  w.is  made  to  observe  the  quality  of  this  steam; 
>e  iiozzk's  were  merely  connected  to  a  steam  pipe  iu  the  works. 

'r,/j,i.,  ,f  Turhin,.. 
2j.  The  ideal  turbine  tliat  has  been  almve  referred  to  is  essen- 
iall.v  a  refined  form  of  tliat  built  by  Braiiea.  iu  Itiiil.  The  jires- 
nt  De  Laval  turbine  may  be  said  to  be  of  a  like  type,  in  so  far 
lat  it-s  elements  consist  of  one  single  bufktt  wheel  ond  one  Mt 
'  cx[)au(ling  nozzles. 


Subjected  for  1*1  hoiiKloa.WIO  feet  ppTK 

Fio.  360.— Photuokai'iis  Of  Jkt  Tukbikk  Blades  BBOwixa  E 
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K  more  recently  developed  turhine,  Stumpf,  likewise  util- 
ise distinguishing  elements  of  the  simple  impulse  turbine, 
owever,  a  slight  departure  from  the  De  Laval  arrangement 
use  of  tangential  nozzles  with  buckets  of  the  Pelton  form 
in  the  periphery  of  the  wheel.  These  are  slightly  pitched 
le  shaft  in  order  to  provide  metal  for  succeeding  buckets, 
acteristic  of  this  form  of.  turbine  is  the  large  wheel  diam- 
iployed,  and  it  is  in  this  direction  that  low  shaft  speeds  are 
L  For  example,  a  500  horse-power  turbine  with  two  disks 
in  diameter  has  been  constructed  and  run  at  a  speed  of 
•evolutions  per  minute  with  a  rigid  shaft  In  later  forms 
Stumpf  turbine,  it  has  been  sought  to  utilize  a  residual 
1  of  the  steam  leaving  the  buckets  by  redirecting  it  around 
lar  guide,  so  as  to  impinge  again  upon  another  set  of  buck- 
led in  the  periphery  of  the  wheel,  alongside  the  other  row. 
lam  jet,  after  leaving  the  nozzle,  is,  therefore,  reversed  180 
\  twice  before  finally  leaving  the  wheel.  It  is  evident,  how- 
lat  this  arrangement  is  subject  to  the  same  disadvantage  as 
;  fluid  friction,  as  the  simple  impact  arrangement 

und  Systems: 

On  account  of  the  difficulties  of  construction,  and  losses 
nt  upon  the  use  of  high  steam  velocities,  various  methods 
pounding  have  boon  proposed,  the  objective  point  of  the 
mding  arrangement  being  a  subdivision  of  total  velocity 
several  stagos,  so  that  the  working  velocities  in  any  one 
light  be  reduced  to  a  more*,  practicable  degree.  The  effect 
pounding  does  not,  liowtnor,  rechu^e  the  stage  velocities  as 
ly  as  might  bo  at  first  tli(nif»]it,  for  tlio  reason  that  the  veloc- 
ies  as  the  square  root  of  the  onc^rgy  of  the  steam.  Thus, 
liraplo  impact  turbine  wore  construcU'd  with  two  stages  in- 
f  one,  the  stage  v(»looity  would  bo  reduced  from  4,012  feet 
ond  to  2,835  foot  jxt  second,  assuming  a  range  of  press- 
m  165  pounds  to  1  jioiind  absolute.  If  it  were  constructed 
'  stages,  the  velocity  would  become  2,050  feet  per  second, 
tlie  supposition  that  th(^  entire  velocity  of  the  jet  were  ab- 
i  in  each  stage.  In  order,  tluTeforc,  to  reduce  the  steam 
ies  to  500  feet  per  second,  about  64  stages  would  be  re- 
in the  turbine. 
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Tlte  Curtis: 

28.  Tlie  nearest  approach  to  this  method  o£  eomponn&ig  tb 
simple  impact  element  is  carried  out  in  the  Curtis  turbine,  ii 
wliicli  two  or  iDore  stages  are  employed  to  carry  out  ibe  tcul 
rungo  of  expansion  from  boiler  to  condenser.  Each  stage  co» 
prices  a  set  of  expanding  nozzles  and  a  wheel  carrying  more  ttii 
<jne  row  of  buckets.  The  peripheral  speed  of  the  wheel  is  trp 
ivitliin  convenient  limits,  so  that  if  only  one  row  of  buckti*™ 
employed,  the  steam  mould  issue  from  it  with  much  raidiiJ 
velocity'. 

-1'.  Til  order  to  abstract  this  as  far  as  possible,  a  set  of  gniJa 


Fia.  861.  I 

is  interposed  wliieh  redirects  the  steam  leaving  the  first  ro««. 
moving  bhidc-i,  into  a  second  set.  The  velocity  of  the  jetiaiw 
reduci'd  by  crich  reversal  in  the  moving  blades,  and  this  pro* 
is  <'arricd  out  ;is  many  times  as  may  be  necessary  to  absorb  l* 
initial  vvlocily  uf  the  jet.  Thus  the  steam  in  each  stage  is  "I"'' 
ii:ite]y  acfclinitcd  in  the  no7zle  and  retarded  in  the  blades.  "* 
shiift  Velocities  are  secured  by  this  arrangement,  but  this  is  Jnwr 
due.  bowrvcr,  t<i  the  ii.se  nf  large  diameters  of  wheel,  andloli' 
fact  thill,  geiienilly.  a  very  small  arc  of  all  but  the  iastirlitfl* 
beiiio^  aried  iipmi  by  ihr  nozzles  at  one  time.  Thia  eonslmc'i* 
iii:ikr>  drsiralde  a  fine  axial  elcarance. 
The  Zo'My: 

;UI.  Tiie  idea  of  ooHi|miiii.ling  baa  been  applied  in  a  #"? 
different  manner  in  the  /oeily  turbine,  a  cross  section  of  •'li'"'' 
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I  in  Fig.  361.  One  section  of  the  turbine — the  high-pressure 
consists  of  several  tangential  impulse  elements  arranged  in 
ite  compartments.  Each  is  fitted  with  a  number  of  nozzles 
ich  part  of  the  expansion  is  carried  out,  and  the  velocity 
liately  abstracted  in  the  buckets.  In  the  later  stages,  how- 
a  different  construction  is  employed  by  reason  of  the  in- 
d  volume  of  steam.  The  nozzles  are  here  slotted  in  the 
>f  each  compartment,  and  the  steam  fliow  is  in  the  form  of 
nular  jet,  striking  the  bucket  wheel  in  the  manner  of  the 
ival  turbine.  To  accommodate  expansion,  the  radial  widths 
J  nozzle  parts  are  progressively  increased  to  the  end  of  the 
le.    The  principal  features  of  the  Zoelly  turbine  lies,  how- 


aiCTlOM  A- A 


SE.CTION  C-D 


dCCTION    C-K 


5CCTIOIM    <»*K 


Fig.  362. 


in  the  construction  of  tlie  disk  wheel  to  accommodate  ex- 
linarily  higli  perii)lieral  spo(^ds.  The  buckets  consist  of 
I  strips  about  one-half  the  radius  of  the  wheel  length.  They 
ecured  to  a  two-piece  hub  by  projections,  as  shown  in  Fig. 
and  a  cross  section  of  approxiiiiatt^ly  uniform  strength  is  ob- 
d  by  milling  th(^  bucket  curves  deeper  from  hub  to  rim. 
,  the  weight  is  hn'fi:(»ly  dcuTeased,  as  are  also  the  internal 
<es  to  be  j)rovi(le(l  for.  Zoelly  found  by  experiments  that 
ucketa  might  be  spaced  much  farther  apart  than  customary 
f*  De  Laval  turbine,  without  serious  loss  in  efficiency,  which 
ies  liis  construction.  The  ]HTii)heries  of  the  bucket  wheels 
urrounded  by  stationary  metal  shrouds  to  prevent  radial 
<?  of  the  steam.  1'he  sides  of  the  buckets  are  further  en- 
i  in  sheet-steel  housin<j^s  to  reduce  the  windings  which  would 
'  with  exposed  buckets  of  such  length.    Complete  reversal  of 
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the  steam  jet  is  impoeBible,  and  tiie  aetiin 
familiar  Pelton  wheel 

TA«  Bateau: 

31.  Professor  Bateau,  in  his  later  fonn  of  .tmUne,  ! 
carded  the  simple  impact  element  and.  employed  the  ml 
element  to  a  still  greater  extent  than  any  heieinhefom  de 
Fig.  3C3  shows  a  section  of  a  Bateau  tnrbine  ofSS  stigei. 
lar  nozzles  are  provided  in  each  division  wall  between  stigi 
stages  being  numerous,  the  preasare  drops  ore  mull,  n 
the  nozzles  require  no  divergence.  The  inerekiing  non 
is  secured  through  increasing  the  arc,  or  peroeutage  of  t 


Fro.  SB8. 


cumferonc'c,  rather  than  the  nozzle  width,  u  in  die  Zoal|l 
Thus  ill  the  later  stages,  a  complete  annular  jet  nralb,  I 
entire  periphery  of  the  wheel  is  made  use  of.  This  bmbi 
cidod  step  in  the  direction  of  reducing  flnid  veloeitifl^  In 
this  form  is  subject  to  fnctional  loaseB,  doe  to  large  £A 
operating  at  liigh  speeds  in  dense  media. 

33.  A  still  further  metiiod  of  securing  the  adrantagM  V 
])ounding  h  represented  in  the  constmctiou  of  the  Fuk< 
bine,  which,  however,  antedates,  both  in  conceptioa  and  Ji^ 
tion,  other  forms  of  modern  steam  turbines. 

Par80?is : 

33.  In  the  types  previously  described,  the  original  iBf" 
ment  has  been  made  use  of  in  simple  or  compotinded  JOB 
pressure  fall  being  secured  by  no7.zleB  and  the  velocitj  ib* 
by  vanes.    Thus  each  bucket  wheel  preBoinably  lottbi  n  ' 
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inosi)li('rc  of  uniform  pressure  at  all  points.     Mr.  Parsons^  how- 
ffver,  early  eonecivcJ  the  idea  of  so  designing  and  locating  the  tur 
Line  vanos  that  they  should  perform  the  functions  of  bucket  and 
nuzzle  as  well,  at  the  same  time  confining  the  steam  to  the  periph- 
ery of  the  Avheel  in  order  to  avoid  superficial  friction  in  large 
disk  areas.     The  actual  construction  of  this  type  of  turbine  is  so 
^vell  known  as  to  require  only  passing  comment  here.    By  ^efe^ 
(*nce  to  Fiii'.  -J''^,  which  shows  a  t\i)ical  section  of  a  We3tillghous^ 
Parsons  tiirhine,  it  will  be  seen  that  the  steam  volume  progress- 
ively increases  from  inlet  A  to  exhaust  B  in  the  annular  space 
between  stator  and  rotor.     The  entire  expansion,  which  is  ap- 
proximat(4y  adiabatic,  is  carried  out  within  this  annular  compait- 
nient  which  essentially  corresponds  to  a  simple   steam  nuzzle. 
There  is  this  difference,  however,  that  whereas  in  a  nozzle  the 
heat  energy-  of  the  entering  steam  is  expended  upon  itself  in  pro- 
ducing high  velocities  of  efflux;  in  the  Parsons  turbine  the  total 
velocity,  due  to  expansion,  is  subdivided  into  a  number  of  steps,  in 
each  of  which  it  is  reduced  through  the  dynamic  relation  of  jet 
and  vane,  so  that  a  comparatively  low  velocity  is  maintained  from 
inlet  to  exhaust ;  this  generally  varying  from  150  feet  per  second 
as  a  niininium  at  the  high-pressure  end  to  about  600  feet  per  sec- 
ond as  a  niaxiniuni  at  the  low-pressure  end.     The  action  of  the 
steam  iu  tliis  turbine  differs  from  other  types  also  in  this  respect, 
that  tlie  steam  expands  in  the  ring  (2)  of  moving  blades  (see 
yig.  oCk").  <o  that  a  reactive  effect  is  produced  in  addition  to  the 
ini])iilse  of  the  steam  from  (1).     The  total  torque  produced  at  the 
shaft  from  ring  ('2)  of  moving  blades  is,  therefore,  due  to  impact 
of  steam  frouL  (1)  and  reaction  from  (2).     This  process  is  re- 
pea  t(Ml  in  each  elcMneut.  of  the  turbine,  and  the  average  velocity 
may  l)e  maintained  at  a  uniformly  low  figure  throughout.    It  is 
evi(h'nt  that  here  frictional  losses,  due  to  high  velocities  of  effliix» 
are  largely  reduced. 

')4r.  Jt  lias  b(»en  often  held  that  unless  very  high  vacuumr-in 
fact,  an  almost  uncommercial  one — ^be  provided,  the  economy  d 
the  liirbiiie  Avill  suffer.  Tliis  may  be  so  in  certain  types  in  which 
tlien*  ar(^  idle  ])ortions  of  the  bucket  wheels  rotating  in  dense 
media.  Iu  the  parallcd-How  type,  however,  losses  from  this  soowc 
are  not  >«►  much  in  evi<lence,  l>v  reason  of  the  fact  that  the  steam 
is  confined  to  tlie  annulus,  and  the  entire  circumference  is  active 
in  prorlucing  torque,  thus  reducing  the  proportion  of  friction  to 
useful   work.     By  reference  to   the   appended  tables  of  tests, 
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will  be  found  that  the  results  from  turbines  operating  under 
K)r  vacua  are  not  less  excellent,  relatively,  than  those  obtained 
ith  high  vacua. 

36.  The  question  is  frequently  asked  why  three  diameters  of 
.rrel  have  been  generally  selected  in  the  Westinghouse-Parsons 
rbine.    This  selection  has  no  bearing  whatsoever  on  the  design 

the  machine,  but  is  merely  one  of  mechanical  convenience, 
tie  proper  expansion  can  be  provided  for  just  as  well  should  ^ 
ere  be  one  or  several  different  diameters.    It  would  be  found, 
>wever,  that  if  one  were  used  and  a  speed  and  diameter  of  drum 
ere  selected  that  would  permit  convenient  proportions  of  blades 

the  outlet,  the  blades  at  the  inlet  of  the  turbin  would  become 
imechanically  small:  similarly,  if  diameters  and  speeds  were 
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Fig.  365. 

?WtO(l  to  suit  the  inlet  blades,  the  areas  of  the  blades  in  the  last 
ages  would  become  uniiiaiia^i^ahly  lar^e.  By  varying  the  barrel 
iameters  at  several  e()nv(»ni(»nt  points,  corresponding  variations 
ay  be  made  in  the  velocity  of  the  steam,  thus  permitting  blade 
'signs  of  convenient  proportions  for  both  extremes. 
36.  It  is  an  important  feature  of  the  parallel-flow  turbine  that 
e  entire  annulus  betw(^en  rotor  and  stator  is  filled  with  work- 
g  steam.  It  permits  the  use  of  large  axial  clearances  between 
onng  and  stationary  blades  without  loss  in  efficiency.  In  actual 
"actice,  this  is  never  less  than  ^  inch,  and  in  large  blades  it  is  as 
uch  as  1  inch.  In  all  fonns  of  impulse  turbine,  separation  of 
)zzle  and  vane  results  in  surface  friction  of  the  jet,  and  par- 
?ularly  an  entrainment  of  the  surrounding  medium,  as  in  the 
shion  of  a  steam  injector,  thus  increasing  fluid  friction  by  draw* 
g  the  steam  backwards  through  the  idle  portion  of  the  wheel* 
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37.  Although  small  axial  clearances  are  unnecessary  in  the  Par- 
sons turbine,  it  is  desirable  to  employ  as  small  radial  clearances 
as  possible  in  order  to  prevent  leakage  of  steam  from  stage  to 
stage.  In  order  to  avoid  over-estimating  the  probable  extent  of 
this  Icalcage,  it  is  necessary  to  bear  in  mind  a  point  which  is  usu- 
ally lost  sight  of,  and  which,  in  a  considerable  measure,  offsets  the 
loss  from  this  source.  In  a  machine  of  given  size,  the  radial  clea^ 
ances  between  the  ends  of  blades  and  the  walls  of  the  turbine 
woTild  presumably  be  constant.  The  greater  leakage  would,  there- 
fore, naturally  occur  at  the  high-pressure  end  of  the  turbine,  or 
at  the  begiiiing  of  the  expansion.  By  the  time  the  lower  stages 
of  the  turbine  have  been  reached,  the  total  volume  of  the  steam 
has  beconio  so  great,  compared  with  the  clearance  area,  that  the 
latter  bccouics  unimportant.  All  leakage  steam  returns  energy 
to  the  working  steam  in  the  form  of  heat,  as  its  action  is  similar 
to  Avire  drawing  in  a  restricted  passage;  hence  it  is  superheated 
to  a  slight  degree  and  serves  to  partially  dry  the  working  steani 
whi(*li  contains  considerable  moisture,  due  to  adiabatic  expansion. 

3.^.  In  any  ty])e  of  turbine  it  is  necessary  to  provide  glands  at 
the  ends  of  the  casings  to  prevent  the  escape  of  steam  or  the  in- 
flux of  air  into  the  turbine  at  the  point  of  entry  of  the  shaft  Air 
l(\akago  is  ])articularly  detrimental  in  cases  where  it  is  desirable 
to  maintain  high  vacuum.  Various  forms  of  packing  glands  have 
been  us(^d,  but  the  later  type  Westinghouse-Parsons  turbines  are 
fitted  Avith  an  arrangement  of  water-sealed  glands.  They  require 
no  lul)riciition,  and  it  is  impossible  for  any  oil  to  escape  from  the 
bearings  or  the  lubricating  system  into  the  steam  spaces.  There 
ar(^  no  rubbing  surfac(^s  in  these  glands,  and  it  is  found  that  they 
do  not  Avear  out.  The  water  used  for  sealing  them  is  small  in 
(|iiantity,  but  it  is  not  necessarily  lost,  as  it  may,  in  a  power  plant, 
l>e  taken  from  tlu^  fcod-jHunp  delivery  and  the  overflow  returned 
to  tlie  feed-])iimp  suction. 

*V.L  Jn  ilic  longitudinal  section  of  the  turbine.  Fig.  364,  steaniis 
shown  entering  at  S,  where  a  st(?am  strainer  is  provided,  thence 
through  a  pop])et  valve  V  which  is  controlled  by  the  governor. 
When  in  o])eration,  this  poppet  valve  is  continually  opening  an« 
closing  at  constant  int(Tvals,  the  periods  of  which  are  proportional 
to  the  speed  of  tlie  turbine.     It.s  operation  is  well  shown  in  fig- 
')()(),  wlii(*li  i-cpn'smts  some  indicator  cards  taken  on  a  1,250  Iw 
watt  turbine  at  various  loads,  the  indicator  being  attached  to  the 
admission  port  A,  and  the  indicator  barrel  revolved  at  constant 
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i  by  suitable  means.  At  light  loads,  the  valve  opens  for  very 
;  periods  and  remains  closed  during  the  greater  part  of  the 
vaL  As  the  load  increafiea,  the  valve  remains  longer  open, 
finally  continuous  full  pressure  is  obtained  in  the  high-presa- 
nd  of  the  turbine.  At  this  time  the  valve  does  not  reach  the 
it  all,  but  ia  merely  vibrating  without  sensibly  reducing  the 
are  of  steam  in  the  turbine.  This,  in  a  turbine,  vrould  cor- 
nd  to  somewhat  over  full  load. 


k\\  IA\  ir\\  r\\   A\   A;  'A I  'A 
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).  On  tte  load  being  still  further  increnap/l,  an  auxiliary  or 
condaiy  "  valve,  designated  V ,  Iwgina  to  open  and  admits 
m  as  may  be  required  to  a  lat«r  stage  in  the  turbine  whore  the 
dug  Bteaui  areas  are  greater,  tlius  increasing  in  proportion 
total  power  of  tlio  turbine.  The  operation  of  thi«  poppet  valve 
ic  aame  as  the  main  admision,  so  that  the  governor  automatic- 
controls  the  power  and  speed  of  the  turbine  from  no  load  to 
I  overloads  as  are  generally  beyond  the  liinita  of  gcueratiog 
iratue  built  on  normal  ratings.  Its  pQrformane«  may  be  seen 
W-  367,  which  shows  an  rccmiimy  tcsl  on  a  turbine  wherf  teatH 
'  made  up  to  76  per  cent,  overload.  The  economy,  it  will  be 
^ci,  drops  off  slowly  as  the  "secondary"  valve  opena,  but, 
'e  other  hand,  the  range  of  load  at  which  the  turbine  may  be 
omically  operated  is  grently  extended,  in  thii  case  from  +00 
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rer  1,000  B.  H.  P.  with  a  steam  consiimptiou  varying  from 
to  14,3,  or  but  aliglitly  over  S  per  cent  from  that  of  maxi- 
i  efficiency. 

..  The  intermittent  admisfiion  of  steam  to  the  turbine  is  pro- 
IvB  of  some  gain  in  economy  at  light  loads  by  keeping  the 
wrature  range  greater  than  would  be  possible  if  the  steam 
1  throttled.  Another  advantage  to  be  derived  from  thia 
lod  of  admitting  6t«am  ia  that  tbe  admission  valve  and  tlio 
laniam  that  operatea  it  are  constantly  reciprocating,  and  consP- 
itly  get  no  opportunity  to  become  stuck.  The  reciprocating 
on  necessary  to  operate  the  mecliauism  originates  with  an 
Qtric  driven  by  the  turbine,  and  is  transniiltcd  tlirougli  the 
!h  of  the  governor,  causing  a  continual  disturbance ;  such  that 
pjvemor  is  at  all  times  ready  to  go  to  a  new  position  with  the 
,  change  of  speed,  simply  because  the  "  friction  of  rest "  does 
have  to  be  overcome.  On  the  larger  size  turbines,  tlio  gov- 
r  is  supplemented  by  a  special  automatic  centrifugal  safety 
which  is  mounted  at  the  end  of  the  shaft  and  which  actuates, 
leans  of  high-pressure  steam,  an  auxiliary  solf-cloaing  throttle 
B  located  in  the  main  steam  pipe  supplying  the  turbine.  The 
ty  stop  may  be  set  at  any  predetenmued  speed,  which,  if  at- 
si,  causes  the  turbine  to  be  brought  to  rest.  It  ia  employed 
ily  as  a  precaution  against  damage  due  to  any  possible  de- 
jement  of  the  governor  mechanism. 

2.  With  the  form  of  governor  employed,  the  speed  regulation 
'  bo  kept  to  within  2  per  cent,  between  friction  load  and  full 
1,  or  1  per  cent,  either  side  of  the  mean  speed.  Full  load  or 
rioada  may  be  entirely  thrown  on  or  off  without  causing  more 
orbance  than  a  momentary  surge  of  speed  of  about  i  per  cdBt» 
'  per  cent. 

3.  Tht'  function  of  the  balancing  pistons  shown  at  /",  Fig.  3B4, 
t>  neutralize  the  unbalanced  axinl  thrust  reaiilting  from  tlie 
'sure  of  the  steam  acting  on  the  ^urioim  drums  of  the  turbine. 
se  are  equal  in  area  to  the  effective  area  of  tho  turbine,  and 
subjected  to  the  same  pressure  by  means  of  equalizing  ports 
ipea,  E.  It  ia  evident  that,  whatever  may  bo  tlie  dictribution  of 
surps  within  the  turbine  due  to  varying  loada,  the  thrust  in  the 
Ption  of  the  pistons  must  be  equal  to  that  in  the  direction  of 
olades,  with  the  result  that  the  rotor  remains  practicelly  in 
librium.  In  order,  however,  to  preserve  the  adjustment  of 
^  balance  pistons,  a  thrust  bearing  of  small   dimensions  Is 
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provided  at  the  end  of  the  shafts  as  shown  at  T.  This,  however, 
should  be  called  an  alignment  bearing  rather  than  a  thrust  beiu^ 
ing,  for  the  reason  that,  in  practice,  it  takes  no  thrust  The  bit 
ancing  pistons  revolve  within  the  casings  with  a  dose  fit,  bnt 
without  mechanical  friction,  and  their  peripheries  are  deei^y  mt- 
rated,  in  order  to  interpose  a  path  for  steam  attempting  to  leak 
past  the  pistons,  sufficiently  devious  to  render  loss  fran  this  sonice 
as  small  as  possible. 

44.  A  turbine  has  an  important  advantage;  that  local  tempeit- 
ture  conditions  vary  but  little  during  operation  and  aa  steady  loid 
are  absolutely  constant  The  reversals  of  tempeTatnre  in  a  le- 
ciprocating  engine  cylinder  have  no  equivalent.  Thus  the  ten- 
])eratur(;  of  rotor  and  stator  is  at  all  points  approximately  equd 
to  that  of  tlic  steam  in  the  corresponding  ezpaiisi<m  stages.  Ges- 
erally  the  stator  is  made  of  cast  iron  and  the  rotor  of  steel,  so  dut 
the  differential  expansion  that  must  necessarily  exist  betwem  tliem 
has  the  effect  of  increasing  or  decreasing  the  axial  doaranceB  be- 
tween runing  blades  at  different  loads.  This,  however,  is  vnant 
portant  with  this  type  of  turbine  because  of  the  ample  axial  e]el^ 
an('(^s  provided.  The  exhaust  end  of  the  turbine  is  bolted  to  die 
bedplate,  while  the  steam  end  is  provided  with  a  sliding  foot  woik- 
iiig  between  machined  ways  on  the  bedplate,  so  as  to  pennit  Ae 
turbine  to  expand,  as  it  will.  In  types  of  turbinesy  hoiwever,  lAen 
small  axial  clearances  exist,  this  question  of  differential  expaaooa 
is  not  such  a  simple  matter. 

45.  It  has  been  advanced  that  the  blade  construction  empkiyed 
in  the  Parsons  turbine  constitutes  an  element  of  complexity,  wbkk 
also  is  not  conducive  to  low  cost  of  construction.  The  autfa^V  ii> 
perhaps,  not  eonveying  new  information  in  stating  that  the  Uadn 
are  rolled  out  from  special  bronze  or  steel  into  long  strips,  thei 
sawed  into  the  proper  length,  and  finally  mounted  around  Ae 
periphery  of  the  rotor  and  the  stator  in  grooves  with  speciil 
separating  i)ieees,  the  whole  being  finally  caulked  in  poeitioD.  Ii 
practice,  it  is  found  that  \vith  this  construction  the  blades  in 
never  released,  except  through  some  special  cause,  and  the  eoa- 
struct  ion  is  of  immense  advantage  in  minimizing  the  delays  due 
to  aeeidcnti=;.*     A  turbine^  opened  up  for  inspection  is  shown  in 


*  Such  accidentR  nro,  however,  uf  rnro  occurrence,  and  one  that  maj  be  ittrib^ 
uted  to  the  blading  const riirtl')n  has  yet  to  happen.  On  one  oocaaion  an  erfNUid. 
ing  exhaust  pii>o,  which  had  l)een  too  firmly  anchored  at  the  lower  end,  ooouioocd 
sufficient  distortion  of  the  turbine  casing  to  destroy  aere^  rows  of  Uadei.    Tbe 
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Vi'j.  W^.  l*v  plaoin":  the  shaft  in  a  sling,  the  rotor  can  be  lifted 
out  hv  a  erano  and  the  entire  interior  examined.  Sach  a  tariau 
can  bo  taken  apart  and  completely  reassembled  inside  of  two 
lioiir.-?,  whicli  cannot  be  said  of  many  types  of  prime  movers  now 
known  to  u?. 

40.  In  view  of  the  widespread  discussion  upon  the  merits  of 
a  IV  licater  in  reciprocating  engine  work,  it  may  be  of  interest  to 
ineiuiMii  the  results  of  its  application  to  steam  turbines.  The 
earlier  We.-tin^rhouse-Parsons  turbines  of  large  size  were  con- 
striiftefl  ill  tandem  two-cylinder  form  for  the  purpose,  not  only  of 
redur-inir  the  span  between  bearings,  but  also  to  permit  the  intio- 
<lii<*tioii  of  a  receiver  between  high-pressure  and  low-pressnn 
cylinders,  the  arrangement  being  intended  to  separate  as  mndi 
moisture  as  possible  resulting  from  adiabatic  expansion,  and  to 
superheat  the  remaining  steam.  Exhaustive  tests  have,  however, 
shown  tlie  reheater  to  be  of  little,  if  any,  value  in  increasing  the 
ecjonomy  of  the  turbine  when  the  high-pressure  steam  condensed 
in  the  reheater  coils  was  charged  up  against  the  turbine.  Aniift- 
provenient  in  the  separator  resulted  in  an  improvement  in  the 
o])eratiou  of  the  reheater,  but,  notwithstanding  this,  no  advae- 
tiigo  due  to  the  reheater  could  be  observed,  and  its  application 
does  not  seem  warranted,  on  account  of  the  decreased  oompiet- 
ness  of  the  machine. 

47.  ill  the  course  of  regular  operation  of  power  stations,  it B 
not  an  unusual  occurrence  that  wet  steam  comes  over  from  the 
boilers,  due  to  foaming,  overfilling,  or  other  cause&  The  efcett 
upon  rccij)roeating  eni^ine  machinery  need  not  be  conmLentediQNi 
hrre.  In  sc^veral  instances  of  turbine  plants,  slugs  of  water  CO* 
iiiiL^  over  from  the  boilers  have  been  known  to  bring  the  tuito 
almost  lo  a  standstill,  but  without  any  apparent  damage  resnltii^ 
As  sonn  as  the  water  passes  over  to  the  condenser,  the  tuito 
nirniu  rciraius  its  speed.  The  effect  on  the  economy  of  entntod 
moL'^ture  in  i\w  steam  has  been  found  to  increase  the  steam  coB" 
sumption  to  an  amount  about  twice  the  percentage  of  nMHStnreiB 

tiirliino  was  hnmodiatcly  shut  down,  the  casing  opened  and  the  dfbfb* 
luovr'd.  It  was  tlnMi  npiin  j»ut  under  strain  and  continued  in  full  load  iW* 
during  tlio  day  witliout  furtluT  trouble  or  apparent  effect  on  its  a^jadty.  * 
nijilit,  aft <T  extra  l)ladin;;j;;  had  arrived  from  the  factory,  tlie  machine  wis ig>" 
ojMMied  an<l  the  (huna«]fcd  n)ws  replaced.  The  repairs  were  made  during  •*•" 
short  stopi>a^es  at  nig-hts.  but  the  turbine  was  kept  in  uninterrupted  diiljo!** 
tion.     The  accident  only  kept  the  turbine  out  of  service  aboot  thne  iioars- 
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earn;  i.e.,  2  per  cent  of  moisture  will  decrease  the  economy 
4  per  cent. 

Finally  may  be  mentioned  the  system  of  lubrication  de- 
d  with  turbine  outfits.  Essentially  a  point  in  mechanical 
I  and  independent  of  the  steam  cycle,  it  is  nevertheless  one 
lich  the  successful  operation  of  any  machine  is  absolutely 
dent  Although  possessing  extraordinary  features  of  ex- 
ce  in  the  matter  of  securing  great  compactness-  of  design^ 
i  lubrication,  as  ordinarily  understood  to  mean — oil  under 
pressure — does  not  seem  entirely  desirable.  In  the  Parsons 
of  turbine,  the  projected  areas  of  the  journals  are  propor- 
i  so  that  tlie  entire  wciglit  of  tlie  rotating  element  may  be 
>rtod  upon  a  fluid  film  of  oil  through  capillary  action  alone. 
tall  pimip,  driven  from  a  worm  gear  upon  the  shaft,  circu- 
oil  through  a  closed  system,  comprising  in  the  order  of  their 
gement:  pump,  oil  cx)oler,  bearings,  and  reservoir.  The  oil 
^^ays  applied  to  the  bearings  at  the  point  of  least  pressure; 
is,  it  enters  at  one  end  and  follows  a  groove  along  the  top  of 
hell,  from  which  it  is  distributed  around  the  shaft  The 
ire  impressed  upon  the  fluid  films  is  due  simply  to  a  static 
of  1  to  3  feet,  sufficient  to  insure  thorough  flushing  of  the 
igs.  It  is  probable  that  the  shaft  never  comes  into  actual 
ct  with  the  bearings,  but  is  separated  by  the  oil  film.  This 
dent  by  the  fact  that  bearings  when  taken  out  for  inspection 

several  years'  continuous  run  are  found  to  be  subject  to 
ieally  no  wear.  In  several  eases,  the  original  tool  marks 
the  interior  of  the  shell  have  Ix^cn  preserved. 
.  The  benc^fits  resulting  from  the  employment  of  a  closed 
rculating  system  and  largo  bearing  areas  are  apparent  in  the 
^f  operating  a  turbine  in  regular  service.  As  a  result  of  in- 
es  in  several  concerns  emplo;yang  Westinghouse-Parsons  tur- 
xnachinery,  it  has  been  elicited  that  a  turbine  ordinarily  con- 
's about  J  gallon  of  high-grade  engine  oil  per  kilowatt  capac- 
<*r  year;  or,  in  other  words,  the  total  quantity  of  oil  used  per 

averages  about  100  gallons  for  a  400  kilowatt  turbine.  As 
oil  costs  from  25  to  50  oenUs  a  gallon,  the  expense  for  oil  for 
^^irbine  is  not  ordinarily  ov(»r  7  J  to  12 J  cents  a  day,  and  even 
>«  not  all  directly  ehargi  able  to  the  turbine,  as  it  is  common 
^^  to  utilize  the  oil  which  is  remove<l  from  the  circulating 
^  on  auxiliaries  and  other  low-speed  machinery. 
•  It  is  well  known  that  flexible  bearings  are  employed  on 
48 
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Parsons  turbines  of  small  sizes  in  order  to  permit  the  rotor  to 
revolve  about  its  gravity  instead  of  its  geometric  axis,  tliis  being 
necosary  at  the  high  speeds  employed  in  order  to  neutralize  the 
effect  of  minute  errors  in  the  balancing  of  the  disks.  The  fiex- 
ible  bearings  consist  of  a  nest  of  concentric  bronze  sleeves  with 
sufficient  clearance  between  them  to  permit  the  formation  of  oil 
fihns,  which  act  as  cushions,  permitting  a  certain  amount  of  vibra- 
tion of  the  shaft,  but  at  the  same  time  restraining  such  vibratioD 
wdthin  narrow  limits.  In  the  larger  sizes  of  turbines,  however, 
and,  in  fact,  for  all  machines  running  below  1,200  revolutions 
per  minute,  the  flexible  bearing  is  no  longer  found  necessary,  and 
is  replaced  by  a  solid  split  self -aligning  journal,  lined  with  anti- 
friction metal,  as  in  the  ordinary  forms  of  low-speed  machineir. 

Turbine  Generators : 

51.  It  is  an  interesting  fact  that,  owing  to  the  introductioii 
of  steam  turbines,  the  general  characteristics  of  generating  ip* 
])ariitus  liav(^  been  modified  to  a  wide  extent,  and  in  points  of 
running  spc^eds  have  returned  to  the  practice  of  the  first  buildeis 
of  electrical  machinery.  Owing  to  the  restrictions  placed  upon 
the  designers  by  n^ciprocating  engine  speeds,  the  dimensions  aw 
bulk  of  engine  type  generating  machinery  have,  of  late  years, hf" 
come  enormously  increased:  similarly,  the  cost  of  constructioB. 
With  the  advent  of  the  turbine,  however,  speeds  have  been  in- 
creased to  such  a  ])oint  as  to  secure  in  the  generator  constructioB 
minimum  l)ulk  and  cost  consistent  with  strength  and  durabibt^- 

52.  The  turbine  generator  is  more  easily  applied  to  altematii? 
current  work,  for  the  reason  that  commutation  difficulties  in- 
volved in  direct  current  machinery  running  at  high  speeds  aff 
avoided.  ^I'he  preferable  construction,  therefore,  comprises  ro- 
lilting  field  nnd  stationary  armature.  In  present  turbine  gene'*' 
tors  the  armatures  construction  is  not  essentially  different  from 
that  of  the  ordinary  engine  type  machines.  In  the  constroctioa 
of  the  field,  liowevi^r,  tlie  centrifugal  stresses  necesitate  a  con* 


-  A  ])('rtiiK'iit  conipatisou  may  be  made  in  the  two  types  of  5.000  kilo^ 
^r(Mi(Matnrs  wliicli  will  form  the  power  equipment  of  the  Rapid  Transit  Sabwi. 
New  York  Citv.     The  eiiirine  tvi>p  ofenorators  run  at  75  revolutions  perm™ 
are  iipproximately  40  feet  in  diameter  and  weigh  980,000  pounds.    Thf  •^'"^ 
p'lierators,  on  the  other  hand,  run  at  750  revolutions  per  minute,  are  13 1 
inclies  in  (liainr'ter.  and  wrii^rh  2H4,0  H)  pounds,  the  weight  of  journals aiW' 
excluded  in  each  case.     The  en^^ane  type  generators  have  40  poles,  andtW 
generators  four,  giving  the  same  frequency — 25  cycles  per  second. 
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action  of  greater  inherent  strength.  Becent  practice  embraces 
)  designs — one  of  built  up  form — ^used  in  fields  haidng  six  or 
re  poles,  and  the  other  of  a  solid  steel  casting  thoroughly  an- 
ded,  bored  for  the  reception  of  the  shaft,  and  slotted  axially 
'  the  reception  of  bar  or  strap  windings  which  are  insulated 

I  confined  in  position  by  wedges. 

)3.  The  turbine,  however,  makes  possible  the  use  of  a  still  fur- 
r  type  of  generator,  which,  although  presenting  difficulties  in 
ign  at  ordinary  engine  speeds,  becomes  ideally  suited  for  direct 
inection  to  the  turbine,  both  by  reason  of  its  electrical  charac- 
LStics  and  its  inherent  strength  of  mechanical  construction.  It 
veil  known  that,  if  the  ordinary  squirrel  cage  induction  motor 
IS  below  synchronism  with  the  system  upon  which  it  is  oper- 
d,  it  will  absorb  power  from  that  system  proportionate  to  the 
»  or  drop  in  speed.  If  it  is  run  in  synchronism  therewith  by 
ernal  means,  it  will  absorb  no  power;  and  if  run  above  syn- 
onism,  it  'will  become  a  generator  and  return  electric  power  to 
system. 

54.  When  running  below  synchronism,  the  greater  part  of  the 
Tent  absorbed  by  the  motor  appears  as  power,  but  a  small  part 
consumed  within  the  motor  itself  in  magnetizing  its  rotating 
id.    When  run  above  synclironisiii,  the  motor,  now  a  generator, 

II  requires  magnetizing  current  from  the  line  to  which  it  is  con- 
Bted.  It  is,  therefore,  incapable  of  operating  by  itself,  and 
iBt  be  run  in  connection  with  synchronous  machinery  capable 

supplying  its  magnetizing  current  and  controlling  the  fre- 
ency  of  the  system. 

55.  The  induction  or  non-synchronous  generator,  unfortu- 
tely,  imposes  a  lagging  cnri^it  upon  the  supply  system,  but  the 
wer  factor  can  be  brouglit  within  a  few  per  cent  of  unity,  so 
St  the  effect  upon  the  system  may  be  readily  neutralized.  Its 
culiar  electrical  characteristics  impose  limitations  upon  its  gen- 
ii use  for  power  station  work,  but  when  employed  in  conjunc- 
'H  with  synchronous  apparatus,  such  as  ordinary  alternators, 
iichronous  motors  and  rot4iry  converters,  it  becomes  peculiarly 
'table  for  extension  to  a  power  system  in  which  the  limit  of 
f^erator  capacity  has  already  hcon  reached.  With  the  appa- 
ls mentioned,  particularly  \\'itli  synchronous  motors  and  ro- 
7  converters,  a  sufficient  leading  current  may  be  impressed 
^Ji  the  system  by  over-exciting  the  fields  of  these  machines  to 
^f ely  neutralize  the  effects  of  the  magnetizing  currents  required 
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by  the  induction  generator,  so  that,  in  general,  if  existing  appa- 
ratus is  ample  to  care  for  existing  inductive  loads  with  reasonable 
margin,  the  induction  generator  can  be  employed  to  great  advan- 
tage. 

50.  A  feature  which  is  particularly  favorable  in  rendering  it 
suitable  for  turbine  driving  is,  that  by  largely  reducing  the  num- 
ber of  poles  the  magnetizing  currents  may  be  largely  reducei 
For  this  reason,  the  limitations  of  the  induction  generator  occur 
largely  in  the  direction  of  bulk  rather  than  otherwise.    As  it  must 
operate  at  the  comparatively  high  speed  of  the  turbine,  it  is  thus 
]>(>ssil)le  to  reduce  the  nmnber  of  poles  to  a  few  pairs,  so  that  the 
losses  abovc^  mentioned  are  minimized  and  the  generator  becomes 
conimercially  ])racticable.     And  as  the  squirrel  cage  construction 
of  the  rotor  is  pc^culiarly  well  suited  for  high  speed  work,  we  are 
fortunate  in  having  here  one  of  the  few  cases  in  which  the  ek^ 
trical  and  mechanical  conditons  governing  generator  and  prime 
mov(M'  are  almost  exactly  suited  to  each  other.     In  general,  tie 
higher  the  speed  at  which  the  machines  can  be  safely  operatei 
the  less  tlie  material  necessary  and  the  smaller  the  losses,  resnlr- 
iii^  in  an  extraordinarily  high  efficiency  and  power  factor. 

57.  For  i*xam])le,  with  a  two-pole  60-cycle  induction  generatorof 
500  kilowatts,  running  at  3,600  revolutions,  the  power  tor 
may  \)c  hrouirlit  as  high  as  98  per  cent,  or  higher  at  full  loaiaa'! 
tlic  total  cfhcieney  will  be  far  greater  than  that  of  present  gener- 
al intr  iiiachinerv. 

5>.  As  oTK^  of  the  principal  claims  which  the  turbine  make: 
i^  ecoiiumy  of  slc^uii,  and  consequently  of  fuel,  a  few  obserraW 
Miay  l.x'  ina«lr  upon  this  subject.  As  is  well  known,  high  econonij 
\\\\>  l)(»ii  nl)iaiii('d  \viih  the  turbine  operating  under  favorable 
'(>ii<luinii-,  Lilt  as  ahstract  figures  of  steam,  heat  or  f uel consnifi?" 
tioii  rarclv  (MiDvi-y  an  ade<|uate  idea  of  the  actual  merits  of  tb^ 
prime  iii'»ver  in  <iut>ti«.)n,  it  is  necessary  to  examine  the  conditioDf 
iiii-iri'  wi.Icii  ill'.  -('  rc-nlts  were  obtained. 

Tin  \\A\\o  (A  UA-  apjHuded  hereto  has  been  prepared  witb  > 
vl(  w  !<•  prc-rntiiiii  \\\  as  euncise  shape  as  possible,  theresultso 
srvcral  liim.liHM!  i<  -r-^  iipcu  turbines  of  all  sizes  and  under  all  cm- 
diti<)n>  of  npcration,  tlu'  headings  being  arranged  with  reference « 
these  condition-'.  Tlie  tests  were  conducted  in  the  testing dep*^' 
ment  of  the  Wc'stin^-liouse  Machine  Company  at  East  Pittsburg. 
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where  every  turbine  put  through  the  shops  is  thorouglily  tested 
before  shipment. 

59.  Columns  51  and  52  give  results  under  moderately  favo^ 
able  conditions — 150  pounds  steam  pressure,  28  inches  vacuum 
and  ISO  degrees  superheat;  and  in  columns  1  and  3  will  be  found 
tests  under  decidedly  unfavorable  conditions — 125  pounds  press- 
ure, 26  inches  mercury  vacuum  and  saturated  steam. 

GO.  A  plan  of  the  testing  department  is  shown  in  Fig.  309,  anil 
provides  facilities  for  the  accommodation  of 

Four  turbines  of  small  capacity  up  to  500  kilowatts. 
Four  turbines  of  2,000  kilowatt  capacity. 
Two  turbines  of  5,000  kilowatt  capacity. 

The  latter  foundations  at  this  time  are  not  yet  complete. 

Gl.  This  is  somewhat  of  a  radical  departure  in  manufacturing 
methods  and  entirely  unprecedented.  At  present,  it  is  unusnil 
practice  among  generator  builders  to  determine  efficiency  in  large 
machinery  by  other  than  the  motor-generator  method,  and  in  the 
largest  sizes,  such  as  the  5,000  kilowatt  Manhattan  generator^ 
the  machines  are  not  even  turned  over  in  the  factory;  siniilarlv, 
engines  above  500  to  1,000  horse-power  are  seldom  tested  in  the 
shop,  and  the  larger  sizes  are  shipped  without  having  steam  turned 
into  thcni.  It  is  thus  of  peculiar  interest  that  the  largest  turbine 
units  will  be  tested  under  steam  at  the  shops.  The  testing  equip- 
ment comprises  boiler  plant,  a  gas-fired  superheater  and  four  in- 
dependent surface  condenser  outfits,  ranging  in  size  from  1,M0 
square  feet  uj)  to  10,000  square  feet  surface. 

G2.  1'he  condensers,  with  the  exception  of  the  smallest,  are  ill 
of  the  "'  counter  current "  type,  exhaust  steam  being  admitted 
from  beiK atli.  The  condensed  water  is  received  in  a  hot  well 
located  l>elo\v  lh(^.  condensers,  and  air  is  withdrawn  from  tlietop 
l)y  two  sla;Li(^  dry  vacuum  pumps.  These  are  capable  of  nwu»- 
laining  a  vatuum  within  half  an  inch  of  the  barometer,  ^^ith  i 
(dosed  riuelion.  Th(^  vacuum  with  the  condenser  in  opcMtion  de- 
p(Mid>!,  of  course,  upon  the  temperature  condition  within  the  con- 
denser. 

{]:].  Tests  are  made  by  means  of  brakes  or  by  electric  genera- 
tors as  desired.  For  the  latter,  large  water  rheostats  are  avail- 
able, while  for  the  former,  a  special  form  of  water  friction  brake 
has  been  devised  which  has  proven  extremely  flexible  in  its  ap- 
plication, and  of  great  value. 

G-t.  Steam  consmnption  is  determined  by  weighing  condeitff 
tion  in  the  usual  manner.    Vacuum  readings  are  all  reduced  to  • 
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basis  of  30  inches  of  mercury  necessitated  by  the  elevation  of 
Pittsburg. 

65.  The  tests  shown  in  columns  38  to  43  of  the  table,  are 
plotted  in  Fig.  367.  This  curve  embodies  the  results  of  the  intro- 
duction of  the  secondary  governor  valve,  and  shows  a  remarkable 
range  of  load  with  high  economy. 

66.  Some  brake  tests  of  a  1,250  kilowatt  turbine  are  plotted  in 
Fig.  370,  with  vacua  ranging  from  25  inches  to  28  inches,  and 
clearly  show  the  effect  of  vacuum  and  superheat. 

67.  Fig.  371  and  columns  93  to  100  show  some  electrical  tests 
on  a  similar  machine,  these  having  been  verified  by  Mr.  Julian 
Kennedy,  Consulting  Engineer  of  Pittsburg. 

68.  Fig.  372  shows  the  plotted  results  of  tests  carried  out  at  the 
Westinghouse  Machine  Company's  works  by  Mr.  F.  W.  Dean  of 
the  firm  of  Dean  &  Main,  and  shows  a  very  good  performance  for 
a  small  machine. 

69.  The  general  appearance  of  these  curves  might  possibly 
give  the  impression  of  a  poor  economy  at  lighter  loads,  especially 
to  engineers  who  have  been  accustomed  to  considering  engine 
perfortnance  on  a  basis  of  indicated  horse-power.  When  they 
consider  such  performance  on  a  basis  of  brake  or  electrical  horse- 
power, they  readily  make  a  mental  correction  between  brake  or 
electrical  horse-power  and  indicated  horse-power  at  full  load, 
but  seldom  realize  the  fact  that  the  mechanical  eflSciency  is  much 
poorer  at  fractional  loads  than  at  full  loads. 

70.  It  may  be  said  that  the  mechanical  losses  of  an  engine  are 
approximately  constant  at  all  loads,  and  assuming  this,  an  engine 
that  has  94  per  cent,  mechanical  eflSciency  at  full  load,  has  im 
eflBciency  of  but  88.6  per  cent  at  half  load,  and  at  quarter  load  of 
79.8  per  cent.  To  exhibit  this,  Fig.  373  has  been  prepared  with 
two  of  the  tests  already  shown  in  Fig.  372  plotted  again  with  the 
curves  C  and  D  added.  The  method  of  plotting  curves  C  and  D 
has  been  as  follows:  Take,  for  instance,  curve  C: 

From  tests,  brake  horse-power  at  rated  full  load =  598.17 

1 1                         593.17  ^„^  ^ 

Internal  liorse-power  = — gj— =  631.08 

Loss,  horse-power 87.86 

This  loss  lias  been  assumed  constant  at  all  loads. 

Total  steam,  pounds  per  hour 8,249. 

Pounds  steam  j>er  indicated  horse-power  hour *  ^^         =18.08 

Pounds  steam  per  indicated  horse-power  hour,  when 

doing,  say,  300  brake  horse- powar <^Q0  i-  87  86  =18.66 
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basis  of  30  inches  of  mercury  necessitated  by  the  elevation  ( 

Pittsburg. 

65.  The  tests  shown  in  columns  38  to  43  of  the  table,  w 
j)lott('(l  in  Fig.  367.  This  curve  embodies  the  results  of  theintn) 
duction  of  the  secondary  governor  valve,  and  shows  a  remarhble 
range  of  load  with  high  economy. 

66.  Some  brake  tests  of  a  1,250  kilowatt  turbine  are  plotted  in 
Fig.  '^>70,  with  vacua  ranging  from  25  inches  to  28  inches,  anJ 
cl(\arly  show  the  effect  of  vacuum  and  superheat. 

67.  Fig.  371  and  columns  93  to  100  show  some  electrical  test? 
on  a  similar  machine,  these  having  been  verified  by  Mr.  Juliin 
Kennedy,  Consulting  Engineer  of  Pittsburg. 

()S.  Y'v^.  372  shows  the  plotted  results  of  tests  carried  out  at  the 
Westinghouso  Machine  Company's  works  by  Mr.  F.  W.  Dean  of 
the  firm  of  Dean  &  Main,  and  shows  a  very  good  performance  for 
a  small  machine. 

60.  The  general  appearance  of  these  curves  might  possibly 
give  the  impression  of  a  poor  economy  at  lighter  loads,  especially 
to  engineers  who  have  been  accustomed  to  considering  engiw 
])f'rformaneo  on  a  basis  of  indicated  horse-power.  When  they 
consider  such  j)erformance  on  a  basis  of  brake  or  electrical  horse- 
})o\vcr,  they  rc^adily  make  a  mental  correction  between  brake  or 
electrical  horse-power  and  indicated  horse-power  at  full  W 
h\it  seldom  realize  the  fact  that  the  mechanical  eflSciency  is  mud 
j)oorer  at  fractional  loads  than  at  full  loads. 

70.  It  may  be  said  that  the  mechanical  losses  of  an  engine  art 
approximately  consUint  at  all  loads,  and  assuming  this,  an  engiDf 
that  has  t>l  per  cent,  mechanical  efficiency  at  full  load,  has tt 
eliicieiiey  of  hut  88. G  per  cent  at  half  load,  and  at  quarter  load  of 
7i».>  [XT  eeiii.  'I'o  exhibit  this,  Fig.  373  has  been  prepared  w 
two  «d"  ihe  tests  aln^ady  shown  in  Fig.  372  plotted  again  withtb^? 
curves  ('  and  T)  adde<l.  The  method  of  plotting  curves  Candl/ 
has  heeii  :is  follow.-.:  Take,  for  instance,  curve  C: 

I'rotn  tests.  1>rnkc  liorse-power  at  rated  full  load =  598.17 

I'Hcrnal  horse- power  —         '. — =  C31.0* 

\j}-<,  lior^f '-power *'•" 

1'hi>  h'ss  \\A<  hcen  assumed  constant  at  all  loads. 

Total  steaiii.  pr>iiiul<  per  hour 8,2441. 

Pounds  steam  ])er  indieated  horse-power  hoar *  -^        =18.W 

Pounds  steam  per  indicated  horso-power  hour,  when 

4,610        -«fi5 
doing,  say,  300  brake  horse-pow9r 800~+~8786  ^ 


iNS1»1:RATIOS8    in    steam    Tl'BBINE   WORK. 


748  SOME   CONSIDERATIONS   IN   StEAM  TimBIHE  WOSX. 


^IDEliATIONB   IN    STEAM    TCIIBIXE    1 


1 

Oiij  Ii 

iM  1 

i    Hi  1 

U                      0 

<  " 

io 

\, 

\ 

"^ 

\ 

1 

j 

\ 

\ 

1 

1 

\ 

\ 

\ 

\ 

\ 

■t 

\ 

\. 

! 

1 

i 
1 
1 
i 

\ 

N 

- 

\  s 

\ 

\, 

^ 

\ 

\ 

/ 

W 

/ 

/ 

\ 

K^ 

^ 

/ 

- 

\ 

/        /il 

^ 

' 

n? 

- 

A 

4» 

— 

/   \  TT 

- 

/( 

\ 

'ii 

/ 

,\ 

y 

1 

\ 

IZ 

.-^ 

— 

r 

^ 

/      ^ 

'^ 

- 

/- 

t 

\ 

1 

V 

! 

,„ 

r 

i 

! 

1            1 

1 

»J 


n   S 


4 


750  SOME   COXSIDERATIOXS  IX   STEAM   TUBBIXE  WORK. 

In  tliis  way  curves  C  and  D  show  an  indicated  horse-power  pe^ 
fonnance  at  light  loads  that  is  particularly  good. 

71.  In  columns  122,  123  and  124,  are  shown  some  tests  on  a 
2,000  kilowatt  turbine  tested  under  high  operating  conditions. 
Tlie  turbine,  however,  is  of  the  Parsons  type,  and  was  built  bv 
Br^»^\^l-Bove^i  &  Company  for  the  Municipal  Electric  Power  Sti- 
tion  for  Frankf urt-on-Main. 

72.  From  these  curves  and  table  of  tests  may  be  gleaned  a 
number  of  interesting  facts  which  it  may  be  worth  while  to  point 
out  here. 

73.  First,  The  Willans  line  or  curve  of  total  water  conaimip- 
tion  is  approximately  a  straight  line  at  all  points  up  to  tbe  open- 
ing of  the  secondary  governor  valve  on  heavy  overloads.  This 
relation  has  an  immediate  thermodynamic  meaning  and  pcHSta  to 
the  utilization  of  steam  in  the  turbine  with  the  same  intenal 
efHciency  at  all  loads;  or,  in  other  words,  that  the  losses  in  dtt 
turbine  from  all  causes,  thermal,  thermodynamic  and  mechanica], 
ar(?  approximately  constant  at  all  loads. 

74.  Second,  The  necessity  of  high  vacua  and  high  sapeilieat 
is  not  essential  to  high  economy,  as  has  been  before  allnded  tftp 
This  is  shown  in  tests  of  a  400  kilowatt  turbine  under  26  inA 
viicuuni,  125  })ounds  pressure  and  saturated  steam.  A  water  rate 
of  15.41  ])ounds  per  B.  II.  P.  was  obtained,  which,  althon^  BOt 
remarkable,  would  seem  to  bear  out  the  supposition  of  small  ftnd 
fi-ietioual  losses  within  the  turbine.  Another  result  of  144 
pounds  steam  ])er  B.  II.  P.  hour,  obtained  with  a  1,250  Uawatt 
turbine  o])ernting  with  150  pounds  boiler  pressure  and  25  indMi 
vacuum  is  of  interest. 

75.  Third,  The  gradual  improvement  in  economy  with  uiift* 
provement  in  operating  conditions  is  well  brought  out  by  the 
tests  on  the  1,L^■)0  kilowatt  turbine.  See  Figs.  370  and  371.  By 
increasing  the  vacuum  from  27  inches  to  28  inches,  and  the  tern- 
j)eralure  of  the  steam  from  that  corresponding  to  dry  satuntifli 
to  77  degrees  Fahr.  superheat,  the  full  load  steam  consnmptioi 
was  reduced  from  14.G  pounds  to  13.2  pounds  per  E.  H.  P.  how. 

Foundations  and  Power  Plant  Designs: 

76.  With  steam  turbines,  practically  no  foundations  are  neces- 
sary, merely  something  that  will  uphold  the  dead  weight  of  tke 
machine.  Foundation  bolts  are  never  used  except  on  shipboanL 
Operation  of  turbines  on  light  flooring  is  entirely  satisfactoi?} 
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thus  pennitting  their  being  placed  on  upper  floors  of  bmldinga 
This  also  permits  of  the  condensing  plant  being  located  imme 
diatfly  below  the  turbine,  by  this  means  the  total  plant  oceofj 
ing  the  minimum  amount  of  floor  space. 

This  is  tho  construction  made  use  of  in  the  new  power  hoiue  ol 
the  Wcstinghouse  Electric  and  Manufacturing  Company. 

77.  Some  condenser  layouts  have  been  prepared  embodying  llu 
abuve  j>rineiplos.  Fig.  37-4  shows  an  engine-room  layout  forfoa 
400  kilowatt  turbines,  all  exhausting  into  a  central  surface  eon 
denser  of  7,000  square  feet  cooling  surface.  The  condenser  eqnq 
mont  consists  of  a  dry  vacuum  pump,  circulating  pump  an 
condensed  water  pump,  and  is  suitable  for  maintaining  28iid 
vacuum.  Allowing  ample  space  for  passageways,  etc.,  the  engini 
room  covers  a  si)aee  of  35  feet  by  26  feet.  The  basement  is  14.' 
feet  deej).    Turbines  are  placed  at  7  feet  10-inch  centres. 

7«'^.  A  similar  layout,  shown  in  Fig.  375,  embraces  four  1,00 
kilowatt  turbine  generators.  In  this  case,  the  condenser  eq^ 
inent  consists  of  a  surface  condenser  of  4,000  square  feet  raifw 
a  circulating  pump  and  a  condensed  water  pump  for  each  tmUH 
Two  air  j)um])s  are  shown,  either  one  of  which  is  big  enoit^l 
take  care  of  tho  whole  plant.  In  this  case,  the  engiiie*nfl 
occupies  a  space  of  59  feet  by  36  feet,  the  basement  being  18 frt 
deep,  turbin(»s  being  placed  at  13  feet  centers. 

71).  A  l:ire(M'  en<riiie-rf>om  layout  is  similarly  shoTiii  in  Yig.  8Mi 
(M)n>^istiiig  of  four  5,500  kilowatt  turbines.  Here  each  turiiMi 
eqnipijed  with  a  compl(»te  separate  condensing  outfit,  the  fliit 
<l(»nsers  each  having  20,000  square  feet  surface.  The  engitf 
room  occupies  100  fc^et  by  61  feet,  and  the  basement  is  SSM 
dee]>.    The  turbin(\s  are  jdaced  at  22  feet  6  inch  centers 

Tiibulatiuir  the  above  figures,  wo  have 


Numlior  of 
l'nit>'. 


4 
4 
4 


Normal  cupacity 

of  each  unit 

K  \V. 


400 
1,000 


Normal  capacity 

of  Rni^ino 

Kooin  K.W. 

Square  feet  area 
or  engine  room. 

K.W.  capacity 
per  Maare  foot 
of  cmgliie  room. 

SqHtMrf 

1.600 

4,000 

2-2.  Of  M) 

910 
2,124 
6,100 

1.76 

1.88 
8.60 

M 

M 
M 

It  will  be  obs(M*ved  that  means  are  provided  in  all  these  »» 
for  operating  any  one  of  the  turbines  non-condensing. 

In  all  tlu^se  layouts  surface  condensers  have  been  shovn,  b< 


ruiiixK  woiiK.  7r);{ 


in'    ti 


^^ 
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it  is  presumable  surface  condensers  will  lie  more  frequently 
lyed  in  connection  %vith  turbines  tbau  other  types,  if  only 
se  of  the  advantage  of  absolutely  clean  feed  water. 

It  is  claimed  by  condenser  builders  that  with  modern  dry 
nx  pumps,  and  a  closed  hot  well  system,  that  a  better  vacuum 
s  obtained  than  with  a  jet  condenser,  due  to  the  fact  that  tho 
vater  does  not  become  aerated. 

The  cost  of  operating  a  surface  condenser  can,  under  favor- 
;onditons,  be  kept  very  small,  es]jecially  when  the  circulat- 
ater  docs  not  have  to  be  raised  to  any  height. 

A  jet  condenser,  on  the  other  hand,  has  to  do  work  in 

to  expel  the  eooling  water  against  nearly  an  utniosphcric 
ire,  according  to  the  vacuum;  but  is  a  considerably  simpler 
of  apparatus  is  less  costly  and  is  generally  not  enhject  to 
olytic  troubles  that  are  sometimes  incidental  to  Burface  con- 
rs. 

Barometric  condensers  make  a  very  suitable  type  of  con- 
r  for  large  vertical  engines,  especially  when  the  steam  een 
rect  to  the  condenser  without  having  to  be  ean-ied  upward. 

With  turbines,  in  connection  with  this  type  of  condcneer, 
ithor  has  observed  that  some  work  is  required  to  carry  tho 

in  the  exhaust  steam  to  the  top  of  the  condenser. 

In  one  instance  this  was  carefully  observed  in  connection 
I  1,500  kilowatt  turbine.     The  exhaust  left  the  turbine  cyl— 

at  the  bottom  by  means  of  two  <'lbows  and  about  six  feet 
rizontal  pipe,  passing  up  a  vertic-nl  pipe  to  tlie  condenser. 
Jt  on  fairly  heavy  loads,  the  horizcntnl  pipe  had  water  in  it, 
vcd  by  a  gauge.  Tlic  amount  of  this  water  may  be  said  to 
Itccn  a  measure  of  the  liiad.  The  hack  pressure  due  to  this 
"f  pi|>e  and  two  rlbnw.*,  together  with  the  water  laying  lu  the 
111,  aiiiounted  to  I  inch  mercury  wilh  steady  loftd. 

If  the  load  Iwcatiic  less,  the  btick  pressure  \vonld  dieftp- 
until  more  water  cnljcct.  .1  in  the  pipe  and  tho  same  §  indi 
prr>siii-c  would  be  triVt:iblisliC(I. 

If.  "11  llie  other  hiiiid,  tiir  load  increased,  thi«  back  preu- 
"oiild  rise  somi  tiims  to  :is  liit,'h  ii«  1  inch,  until  thu  wnter 

Ih'  CiiiTicd  away,  wlicn  it  wonM  full  hack  Again  to  aboDt 
'lie  'i  inch. 

-Vf,  tnrbiiirs  ciiti  i'\ii;niil  down  tf>  tho  Utmost  Umita  of  ex- 

pHssiire — it  !.->  iK^ir:ililr  In  i;ive  thr  turbine  pvery  advAii- 
'  thU  re-pt'ct — In  iir'c  ii  i-;  wi-ll  to  avoid  carrying  the  exliuust 
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iqi  hill,  thus  giving  the  water  that  must  necessarily  exist  in  tiie  ex- 
haust, an  opportunity  to  drain  and  keep  the  exhaust  pipe  fnt. 

80.  While  the  author  has  endeavored  to  point  out  that  iS^ 
vacuums  are  not  necessary  to  the  succeBsfnl  opera^ou  of  bIhb 
turbines,  the  higher  econoiny  obtained  with  high  ' 
rants  the  condenser  problem  being  carefully  con£ 

It  will  he.  seen  bv  the  table  of  tests,  that  each  inch  of  ^ 
above  26  inches  will  benefit  the  economy  from  3  per  c 
per  cent 

'.10.  Assuming  a  1,500  kilowatt  turbine,  operated  tt  fnUlBBl 
for  a  day  at  28  inches  vacuum  instead  of  26  inches  TaeaB^-ft 
will  save  approximately  1  pound  of  steam  per  hone-pomr  pit 
hour,  or  48,000  pounds  a  day  of  twenty-four  hoon:  If  we  iDo« 
for  one  pound  of  coal  costing  $2  per  ton,  and  evapontiiig  7  poaai 
of  water,  this  ivill  mean  a  saving  of  6,875  poimdg  of  coal,  rpprc- 
sooting  a  daily  saving  of  $6.87  or  $2,061  a  year.  Tlius  the  tUfler 
eiitrc  between  tlie  two  condenser  investments,  being  $4,000,  > 
accurdinglv  pav  interest  of  about  50  per  cent.,  due  to  the  8 
ill  (-.lal. 

01.  Such  figures  as  these,  however,  are  of  no  practical  1 
because  of  tln^  time  a  power  plant  is  running  at  fractional 
but  nevertheless,  it  is  apparent  that  it  is  worth  while  lo  eniploj 
bigli-i'birirf  condensers.  A  point,  however,  which  should  not  he 
lust  flight  of  iri,  that  the  higher  vacuum  gives  a  greater  pereeutain 
giiiii  in  eeiiiKiitiy  at  fractional  loads  than  at  full  loads.  In  tliiJ 
niiitter  ninst  be  eonsidered  the  extra  cost  of  operating  with  a  liigh 

With  air  leitk;^  eliminated  and  a  closed  hot  well  system,  thear 
piiiup  f^hiiuld  take  no  more  power  because  of  high  TatiiiPin. 

-V  dry  !iir  piiiii])  will  obviously  be  doing  no  work  beyond  il» 
own  frielitiii  when  thiTC  is  no  vacuum  in  the  condenser.  Smt- 
lai-ly,  it  will  bf  doing  no  work  when  there  is  a  perf««t  vacuum  ia 
tlic  (■(iTideiiser.  ])r()viileil  there  are  no  air  leaks. 

It  may  lie  interesting  to  record  that  the  maxiiuiuii  load  wim 
tlie  air  jmrnp  is  started  eomes  on  when  the  Tacuiini  is  idkout  29 
iiieln-s  til  H]  im.'hcs. 

'■>-2.  With  1  he  i-ireuhiting  water  pmup, however,- the  mailer  iflifif- 
ferent,  a^  it  will  have  ap|iroxiniatoly  two  or  three  times  as  mncl 
water  to  haniUe,  .leeDrdiiig  to  its  inlet  temperature,  with  the  higber 
vaeiiniii.  The  power  rer[nirp<l  to  do  this  varies  in  individual  «*» 
but  it  often  happens  that  tlie  water  can  be  returned  to  the  saw    I 
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'1  from  wliioh  it  has  been  taken,  such  that  the  circulating  water 
em  foniis  a  svplion,  and  the  piinip  has  only  the  fluid  friction 
he  pipes  and  condenser  tubes  to  overcome. 
3.  b'ijx.  •(""  shows  a  5,500  kilowatt  turbine,  similar  to  those 
?rrcd  to  above,  in  course  of  construction.  A  good  idea  of  its 
1  appearance  is  given  iu  Fig.  ;i78.  Its  overall  dimensions,  in- 
Ung  generator,  are  47  feet  3  inches  by  16  feet  by  14  feet 
(imutn  overload  capacity,  13,000  horse-power.     On  this  basis 


have  over  17  Imrsc-iinwcr  to  a  sipiare  foot,  including  tlie  gen- 

or.     TIlc  s[ifed  will  111'  T.'iH  rcvohilioiH  per  minute. 

II  cl<.-;iiif;  ii.  nuiy  1»'  :i|i|ini|iriiilc  to  make  passing  conimeut  on  a 

ty|iiciil  iiirlhiiii'  iiis(;ill;itiiins  imw  in  operation. 

I.  Kifr.  :i7li  -li..ws  iln-  iiirbiin-  iii-tallati.>n  af  the  Cleveland 
Siiiilliwcstcrn  'rriu'tiiin  ('oiii]iiiiiy"s  power  house  at  Elyria. 
^  iniiclLiiic  liiis  lnTit  ^tici-cssfiilly  in  iipcratiiin  sinw  early  in 
.-.■i.lIkt.  IIid;;.  iit  liiiiis  ciirryiiLj:  tli<-  wlfdc  hiail  of  the  station 
■nnlinfT  to  l.imn  or  1.7(H)  kilowatt.-i,  during  the  disablement  of 

ri'i-iprocatiiif;  cngitii's. 
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95.  A  plan  of  the  power  house,  Figs.  380  and  381,  shows  the 
relative  amount  of  room  occupied  by  the  turbines  and  recipro- 
eating  engines.  The  condensers  and  foundations  are  shown  in 
Fig.  881,  the  condensers  being  placed  immediately  below  the  tur- 
bines^ and  the  outer  edges  of  the  turbine  bedplate  being  supported 
on  narrow  concrete  walls. 

96.  Fig.  382  shows  the  power  plant  of  the  West  Penn  Railway 
k  lighting  Company  at  Connellsville  with  three  1,000  kilowatt 
units  now  in  operation.  Reciprocating  engines  of  similar  capac- 
ity are  shown  in  the  background. 

A  plan  of  this  station  is  shown  in  Fig.  383.  Here,  again,  the 
space  occupied  by  the  turbines,  in  comparison  with  reciprocating 
oigines  of  similar  power,  is  exemplified. 

97.  A  400  kilowatt  turbine  plant,  installed  at  the  Yale  & 
Towne  Manufacturing  Company,  is  shown  in  Fig.  384.  This  par- 
ticular plants  which  has  since  been  increased  by  the  addition  of  a 
turbine  of  equal  capacity,  was  the  subject  of  Mr.  Waldron's  paper 
inJune^  1903. 

Fig.  385  shows  a  400  kilowatt  turbine  installed  at  the  Johnston 
Ear?ester  Company. 

98.  Many  other  installations  might  be  mentioned,  which  would 
only  serve  to  exemplify  further  such  features  of  the  steam  tur- 
bine as  have  already  formed  the  basis  of  this  paper. 

Suffice  it  to  say  that  at  present  there  are  in  operation  and  in 
course  of  erection  in  this  count r\',  in  sizes  ranging  from  400  to 
2,000  kilowatts,  43  turbines  of  the  Westinghouse-Parsons  type, 
the  total  capacity  of  which  a}>proxiniates  27,000  kilowatts. 

There  are  also  under  construction  at  East  Pittsburg,  in  various 
sizes  to  a  maximum  capacity  of  5,500  kilowatts,  turbines  aggre- 
gating 69^400  kilowatts. 

The  output  of  one  buildori  including  machines  in  operation, 
reaches  a  total  of  111  turbines,  aggregating  90,400  kilowatts;  or 
an  average,  per  unit,  of  SOS  kilowatts. 

The  foregoing  record  is  convincing  tliat  the  application  of  the 
»team  turbine  to  general  i>owcr  work  is  permanently  established. 

DISCUSSION. 

Mr.  F.  A,  Waldrofi, — Mr.  Ilodiikinson's  paper  refers  to  the  de- 
irability  of  very  high  vacua.  I'liis  is  oxcciMlingly  desirable,  in 
o  far  as  the  water  rate  {)cr  hour  is  concerned,  for  the  turbine 
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itself.  Tho  ]><)int,  liowover,  to  be  considered  by  the  plant  opera- 
tor is,  (lo(s  it  pay,  as  a  whole,  to  run  at  an  abnormally  high 
vaenuiii. 

With  the  apparatus  at  my  disposal,  I  have  been  able  to  obtain 
a.s  hi<ih  as  2ii]  inches  of  vacuum  referred  to  barometer.  The 
cost,  however,  of  maintaining  this  vacuum  does  not  cinnpensate 
for  tlio  additional  economv  obtainable  in  the  turbine.  This  is 
espocially  true  where  surface  condensers  are  used  and  the  water 
of  condensation  is  returned  to  the  boilers. 

After  a  number  of  complete  tests,  it  is  doubtful  if,  in  a  majV 
ity  of  cases,  where  surface  condensers  are  used  it  is  expedient 
to  attempt  vacua  above  28  inches.  Undoubtedly,  there  are  con- 
ditions tliat  mi<iht  warrant  carrying  higher  vacua  than  this. 
l)nt  it  is  a  matter  wliich  should  be  carefuUv  considered  and  looted 
into  l)y  all  who  are  running  (or  contemplate  running)  their  plant 
with   a    tiirl)o-ii-enerator. 

I  had  occasion,  last  »Tune,  to  refer  in  a  casual  way  to  super 
heat  in  tnrl)ine  exhaust.  Since  presenting  that  paper,  the  con- 
<len<inii*  apparatus  and  arrangement  of  piping  have  been  entirely 
chaniiCil.  1  liave  made  several  tests  relative  to  superheat  in  the 
tnrhine  exhaust,  an<l  have  found  that,  under  proper  conditions  of 
]>ij)in.ii  and  con(h'nsing  apparatus,  the  temperature  in  the  ex- 
haust (»t'  the  turhine  docs  not  vary  more  than  one  or  two  degrees 
eitlh  I-  way  from  th(»  theoretical  temperature  of  the  vacua,  with 
\()'Ad<  varvina  from  .75  to  1.25  of  the  nominal  capacity  of  gene- 
rator. 

Mr.  h\  Medni. — In  paragraph  2,  Mr.  Hodgkinson,  in  speak- 
ilia'  of  tlie  i«h'al  turl>in(^  element,  selects  the  Pelton  vheel  «3 
repre-entini:-  the  idc^al,  ''because  it  may  be  capable  of  gi^ 
a  eomj>l<te  reversal  to  tho  ;Vf,  so  that  the  spent  fluid  mav  i^ 
from  flu'  hucL'rfs  frillioiif  any  velocity, ^^ 

I  do  not  think  a  reversal  of  the  jet  represents  the  ideal  confr 
ions,  altliouuh  a  e()m])h'te  reversal  of  its  relative  velocity  m*! 
Ix'  necessary  in  Mr.  llodgkinson's  ideal  turbine.  However,  it  JS 
(liliicult  to  com|)rehen<l  a  iluid  issuing  without  any  velocity,  Wid 
hence  we  mu>t  even  in  the  ideal  case  assume  an  angle,  however 
small,  betwcM'u  the  dis(diaru'in<x  ^dge  of  the  bucket  and  the  pl*^ 
of  rotation  of  the  ^vhe(d.  Further,  a  tangential  jet  is  onlyP<^ 
sihh'  if  a  single  stationary  element  of  the  elementary  turbn*^ 
of  the  Pelton  tvpe  is  considc^red,  whereas  we  here  deal  \rith 
continual  process  of  ideal  energy  transmission.     This  ynSi 
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er  types  of  turbine  wheels  within  the  scope  of  ideal  repre- 
tation. 

n  paragraph  4,  Mr.  Hodgkinson  speaks  of  the  difficulty  of 
aining  most  efficient  velocity  of  turbine  wheels  on  account 
limitations  of  strength  of  materials.  While  there  undoubt- 
r  is  a  limit  to  the  strength  of  materials,  there  is,  however,  no 
it  to  the  strength  of  structures  of  such  materials  if  properly 
gned.  That  the  turbine  wheel  is  no  exception  to  this  rule 
itated  in  the  paper  on  the  De  Laval  turbine  before  this 
ting. 

*he  eflFect  of  the  reduced  peripheral  velocity  in  the  cited  case 

;  De  Laval  turbine  running  32  per  cent,  below  -speed  (it  actu- 

runs  27^  per  cent  below  the  speed  for  maximum  efficiency) 

reduction  in  efficiency  of  only  7^  per  cent.    Thus,  to  meet  a 

irenient   design   a   considerable   reduction  in   the   peripheral 

K?ity  can  be  made  without  materially  affecting  the  efficiency. 

n  paragraph  6,  Mr.  Hodgkinson  states  that  East  Pittsburgh 

erinients  show  the  velocity  to  be  higher,  and  the  ratio  between 

initial  pressure  and  the  pressure  in  the  throat  of  the  nozzle 

be  lower  with  lower  initial  pressure.     This  is  contrary  to 

►eriments  made  by  Professor  Zeuner  and  others. 

3uring  the  Pittsburgh   test   was   the   quality  of  the  steam 

erved? 

[n  paragraphs  6  and  7,  IMr.  Hodgkinson  speaks  further  of  the 
)au8ion  of  steam  in  the  De  Laval  nozzle.  It  is  well  always 
bear  in  mind  that  this  nozzle  consists  of  two  essential  parts, 
'.,  the  converging  and  the  diverging.  The  steam  is  expanded 
l)Oth  of  these  parts. 

In  paragraph  7  ])articularly  Mr.  Hodgkinson  states  that  be- 
U8e  the  work  done  by  the  expanding  steam  varies  directly 
the  square  of  the  vekK'ity,  tlie  volume  of  the  steam  increases 
ich  more  rapidly  tlian  the  velocity.  I  presume  this  relates  to 
e  diverging  part  of  the*  De  Laval  nozzle. 
In  the  converging  part  tlu^  work  done  also  varies  as  the  square 
the  velocity,  but  here  the  velocity  increases  more  rapidly  than 
^  volume. 

la  paragraphs  18  and  1!),  ^Ir.  Hodgkinson,  in  discouraging  the 
^  of  high-«team  velocities,  seems  to  draw  some  hasty  conclu* 
^^  from  Stodola's  reference  to  the  Levicki  test  of  a  SO  borse- 
wer  De  Laval  turbine. 
In  using  LeWcki's  results  it  must  not  be  forgotten  that  these 
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tests  do  not  separate  the  skin  friction  of  the  wheel  and  the 
blower  effect  of  the  turbine  wheel  buckets.  The  blower  effect 
is  considerably  more  than  the  skin  friction  of  the  wheel  bodv, 
and  tlierefore  these  tests  are  of  no  value  in  judging  the  sldn 
friction  of  fluid  against  the  surface  of  buckets. 

In  paragraphs  20  and  24,  Mr.  Hodgldnson  refers  to  the  wea^ 
ing  action  of  steam  on  buckets  of  turbine  wheels. 

ifr.  Ilodgkinson's  photographs  show  what  steam  can  do  to 
blades  of  Delta  metal,  but  the  conditions  must  have  been  un- 
favorable, as  Mr.  Lea  has  for  the  inspection  of  the  memben  a 
few  buckets  taken  out  of  a  300  horse-power  De  Laval  wheel,  an 
examination  of  which  will  show  that  the  wear  is  very  much  less 
than  sliown  in  the  experiments  made  by  Mr.  Hodgkinson.  These 
buckets  have  been  in  daily  operation  for  over  1^  years,  the  qualitj 
of  th(*  steam  being  dry  saturated.  The  boiler  pressure  averaged 
200  pounds,  vacuum  27  inches.  Absolute  velocity  of  the  steam 
about  4,000  feet,  relative  velocity  about  2,800  feet. 

.]fr.  C.  y.  Kerr, — Keferring  to  Fig.  363,  on  page  371  of  my 
paper  on  ''  Potential  Kfficiency  of  Prime  Movers,"  it  willbenoteJ 
that  the  ellicicncv  is  a  maximum  at  21  inches  vacuum.  To  ascer- 
tain  the  teudcncv  for  larger  turbines  and  high  vacuum,  the  effi- 
ciencies for  a  number  of  given  tests  of  which  the  data  are  irivon 
in  Mr.  Ilodiikinson's  table  of  ^^  Tests  of  JVestinghouse-ParsoDj 
Sieain  Turbines  ''  liave  been  computed.  The  results  are  sho\vnin 
the  table  herewith: 

_                      Numborof  _    ,,  „  ATailable  Potentlil  ^"^ 

^'''^-                   T.-.t.  ^"'^^°"-  ^«^°°"'-  Heat.  Efficiency.  »* 

B,  T.  U, 

400  k.w 8  51  26.06  289.7  66.8  1<* 

18  55  27.01  804.2  64.8  1  <* 

31  55  27.98  822.6  68.1  1* 

l/^-)0    '•    60  17  26.07  260.5  70.0  1* 

63  17  26.06  278.8  69.4  1-*^ 

66  17  26.98  282.8  69.1  1- 

..........      83  17  27.42  800.8  67.3  1-^ 

Superheat. 

400    "    31  55  0  822.6  68.1  1* 

45  55  104  842.7  66.0  1** 

52  55  180  866.6  67.5  ^^ 


<  >       <  < 


<  <       (( 


<  <       ( > 
»<       <  < 

1 1 


<  <      <  t 


The  tests  for  effeet  of  vaenuni  were  made  with  drv  saturatea 

«■ 

steam;  and  those  for  effect  of  superheat  with  a  28-inch  vacuuiQ- 
The  range  of  gauge  pressures  for  all  the  tests  was  147.0— Iw-" 
pounds.    On  the  400  kilowatts  turbine  the  water  rate  is  intenn3 
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t  brake  horse-power;  while  on  the  1,250  kilowatts  turbine  it  is 
i  electrical  horse-power.  For  comparison,  the  generator  efR- 
ency  is  taken  at  95  per  cent,  and  the  engine  efficiency  at  90 
»r  cent.,  which  combines  at  85.5  per  cent.  The  potential  efR- 
Pncy  is,  therefore,  in  terms  of  the  indicated  horse-power. 
The  results  confirm  previous  indications  that  the  potential  effi- 
?ncy  decreases  for  the  higlier  vacua.  The  chief  reason,  prob- 
ly,  is  the  rapid  increase  in  heat  made  available  by  adiabatio 
pansion.  At  what  point  then  shall  we  stop  adding  to  condens- 
5  surface,  volume  of  condensing  water  and  dry  vacuum  pump 
pacity  in  order  to  gain  another  tenth  of  an  incfh  vacuum?  The 
swer  must  involve  the  whole  plant  as  the  water  rate  continues 

decrease. 

The  tests  for  eflFect  of  superheat  show  an  increase  in  efficiency 
r  added  superheat.     How  far  the  process  would  continue  to 

profitable  to  the  plant  is  not  answered  by  the  data  at  hand. 
icoretically,  the  increase  in  potential  efficiency  should  continue 
definitely  as  determined  by  data  from  the  entropy-temperature 
agram. 

So  far,  however,  the  tests  examined  show  the  rather  curious 
►ntrast  of  an  increasing  potential  efficiency  as  superheat  is  added 
I  compared  with  the  decrease  in  potential  efficiency  aa  the 
icuum  is  increased. 

Prof,  Storm  Bull, — I  desire  to  say  a  few  words  about  the 
oaiu  t\irbin(*  pajwrs  only,  and  do  not  see  any  good  reason  why 
10  paper  of  ilr.  Kerr  sliould  be  mixed  up  with  the  others.  I 
ave  been  very  much  interested  in  these  papers  fead  by  the  repre- 
■Dtativos  of  the  various  st(\ani  turbines.  The  titles  are,  however, 
'  you  will  see  at  a  glance,  somewhat  misk^ading;  **  The  Steam 
^irbino  in  Modern  EngincM^ring,"  "  Different  Applications  of 
keain  Turbines,"  "  Tbe  Dc*  Laval  Steam  Turbine,''  and  finally 
^oiiie  Theoretical  and  Practical  (\)naiderations  in  Steem  Tur- 
'JO  Work,"  from  which  titles  one  would  get  the  impression  that 
^  papers  were  of  a  general  nature.  The  fact  though  remains 
'^t  those  papers  refer  to  the  Curtis,  the  Rateau,  the  De  Laval, 
^^  the  Parsons  turbines  almost  exclusively,  one  for  each  paper.  I 
^uld  have  very  much  llkod  if  all  of  these  men  had  sailed  under 
^^ir  true  colors.    It  is  perfectly  natural  that  the  representatives 

these  various  turbines  should  plead  for  their  own  machine  in 
paper  which  they  had  been  invited  to  write.  But  in  view  of 
^  they  will  certainly  pardon  mo  when  I  state  that  the  results 
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to  ofliciencv  quoted  in  these  papers  and  obtained  by  tests oonte^i 
bv  the  manufacturers  themselves  will  not  be  recognized  a*:  fact I7 
the  engineering  profession.  Just  as  they  do  in  athletic?— I ai: 
nut  an  athlete  Init  I  belong  to  a  university  in  which  I  hear  a 
gTf-at  deal  uf  athletics — I  know  that  no  record  stan Js  untilit b* 
betn  achieved  in  Ci»Hipetition  under  disinterested  managtmeni. 

Taking  up  Mr.  IIo<lgkinson's  paper  in  particular,  I  will  sj 
that  part  of  what  I  had  intended  to  say  has  been  anticipated  by  liic 
written  di-cus?ion  rea<l  bv  the  secretarv.  One  of  the  criiict2L« 
which  1  desire  to  make  is  with  respect  to  the  word  impact,  whew 
evidently  the  word  impulse  is  meant.  I  may  be  very  Jogmanc. 
but  ho])e  that  I  shall  get  some  sympathy  from  the  secretarr  in rk 
j)osiri«)ii  I  intend  to  take.  On  page  728  ilr.  Hodgkin^on ?i^^ 
about  *'  the  original  impact  element  has  been  made  use  of."  N'^^. 
J  have  been  taught  almost  from  childhood  that  the  vervfiRtN 
ilitioii  for  lii<rh  efiiciencv  of  anv  kind  of  a  turbine  whether  t'f 
water  or  stoaiii,  is  that  there  shall  be  no  impact.  Impulse,  if  y'>^ 
})lease,  but  no  impact.  On  page  730  I  lind  "...  istlufi" 
iMij)act  of  steam,"  and  on  page  72G  mention  is  made  of  " the ud- 
pa.-t  « lenjent.'-  I  su])pose  that  the  use  of  the  word  impact  la 
tills  ninnnr-r  on  the  part  of  the  author  is  due  to  a  slip,  hutfortk 
rwh'  nf  being  on  the  right  side  I  call  attention  to  it. 

K .  i.lently  Mr.  llodgkinson  scK^ms  to  think  that  the  expaiw"n 
of  .-If. ill!  in  a  diveruiuii:  nozzle  is  a  verv  simple  matter  and  l» 
now  el'c.rly  understood.  I  think  he  is  very  much  mistaken.  1- 
jndgj'  1":  •::!  numerous  artich^s  in  Continental  European  techno'* 
|)aiK'rs  t.';i-  lirethren  over  there  arc  very  far  from  seeing eh'^^^ 
in  thi-  ^  ibjeef,  hence  the  numerous  experiments  which  have  wen 
carried  oil  during  the  last  few  years  and  are  being  carneu i^3 
now.  Mr.  Ilodgkinson  quotes  some  experiments  by  Hr.  I^^**. 
from  \h\  Stodohrs  book  '*  Die  Dampfturbinen,"  but  he  doe.*  ik>i 
.-ay  ilijit  Dr.  Sto<lola  has  made  a  very  large  number  of  ^xperr 
ni<'nt>  on  tli<'  ilow  of  steam  through  nozzles  quoted  in  the  ?a 
i)<M>k,    that    he   dues   not   offer  rational  explanations  for  ^^"^ 

]>henoniena.     The  matter  is  certainlv  not  vet  clear  althoup ?^ 

I  t/  1/ 

])j'(>gre-^  ha^  brcn  niad(\ 

Why  should  the  JNdton  wheel  be  assumed  to  be  theiJeal'f 
as  .Mr.'  lIodakiiiMU,  do(^s.     If  simplicity  is  the  sole  criterion  whi^^ 
delerniines  thi>,  then  of  course  the  Pelton  wheel  orsinu^r 
wonld  be  tln^  ideal  ones.      I>nt,  as  evcrvbodv  lal0^vs,  the  i y* 
wheel  is  oikj  of  the  late  cimiers  among  turbines.    ^©^^ 
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onrse,  conturiee  ago  the  impact  wheel,  which  is  a.  very  dif- 
Qt  thing  from  the  Pelton  wheel,  and  this  impact  wheel  was 
iwed  by  the  reaction  wheel,  the  impulse  wlieel  coming  a 
1  deal  later.  The  description  and  comparison  of  tlie  various 
ines  contained  in  Mr.  Hodgkinson's  paper  is  based  upon  thi« 
I  case,  and  therefore  seems  of  very  little  value.  His  crili- 
B  of  the  turbines  built  by  the  ioijipptitors  seem  also  very 
h  out  of  place.  It  may  be  true  ninu^j;!)  that  they  havo  some 
be  defects  found  by  Mr,  Hodgkin^inn  but  the  defects  of  the 
»n  turbine  are  left  out  alt<^ther,  although  disiutereeted 
ies  do  not  have  to  look  very  far  to  iiiiJ  as  many  defects  in 
turbine  as  in  the  others.  It  wouKI  have  been  better  accord- 
to  my  opinion,  if  the  first  third  of  the  paper  had  been  left  out 
fether. 

V.  George  I.  Rockvood. — About  ten  nr  a  dozen  years  ago  tho^e 
a  who  belong  to  the  American  Society  of  Mechanieal  Engiu- 
,  or  who  did  belong  to  it  then,  will  remember  the  earnest  dia- 
iona  which  we  used  to  have  in  Neiv  York  over  the  theory  of  the 
n-engine.  In  memory,  I  can  see  the  late  Dr.  Charles  E, 
ry  advancing  portentous  thoughts;  and  I  recall  the  wonderful 
rs  of  Dr.  Thurston  and  the  subtle  dissent  from  all  his  con- 
ona  by  Professor  Denton;  and  following  liim,  tho  general 
ng  of  everybody  in  the  room  in  the  discussion. 
.  the  last  few  years  wc  have  ratlier  lacked  the  flnl)ject  of  the 
n-engiue  as  a  matter  of  general  disriisaion  andliave  taken  tho 
)r  steam-engine  improvements  made  \rithiii  tht?i  past  few 
B  in  a  more  phlegmatic  spirit.  I  havo  had  hopes  that  the 
arance  of  the  steam-turbine  would  rohiibilitate  the  ardor  of 
members  and  precipitate  what  I'r-'fossor  Bull  Jcprecatcii 
is  discussion,  a  rabitl  trade  discii-^'tini  <if  the  subject;  for  it 
flrs  that  at  present  only  those  eni;;!^"''!  iu  ihe  mftuiifacture  of 
nea  really  know  anything  about  tlnrii. 

Ml  wo  stand  here  all  of  us  ready  to  buy  turbine  engines  in 
•roncc  to  recipri>eating  engines  if  we  can  see  our  way  clear  to 
■•  The  question  whether  it  is  nt  thi.*  present  time  a  wise 
ire  to  buy  a  steam-turbine  is  probniily  the  uio»t  serions  one 
■e  US  as  a  society  today,  Persi.iiiiilly  I  eonfesa  to  kaviiig 
over  root  and  bnineli  to  the  ru-sveomcr;  for  while  I  know 
Well  that  the  steiini-engine  is  ,ilif;htly  more  i-eonoruieal  of 
*^ — under  the  most  favorable  cimdition* — than  the  steam 
le  has  yet  shown  itself  to  be  at  full  load,  I  believe  that  tho 
60 
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efRcioney  of  the  turbine,  shown  in  dollars  expended  for  hone- 
power  returned,  is  higher  than  that  of  the  engine.  I  am  ahont 
to  start  lip  a  turbine  of  my  own  with  which  to  gain  experience. 

I  do  not  know  enough  about  the  subject  to  be  able  to  add  any 
venom  to  this  discussion,  although  I  should  be  very  well  pleased 
to  do  so  if  I  could.     But  I  would  like  to  argue  a  little  about  tie 
condenser  part  of  the  problem.     I  was  very  much  relieved  to 
liear  in  Mr.  Waldron's  discussion  that  he  had  not  found  it  e??*^n- 
tial  from  a  financial  standpoint  to  go  into  29,  30,  31  and  32  inches 
of  vacuum — 28  inches  was  good  enough  for  him.     If  that  is  so, 
of  course  it  would  follow  that  it  woidd  be  well  to  consider  whether 
the  surface  condenser  is  as  desirable  an  investment  as  Mr.  Hodg- 
kinson  lias  araiied.     We  learn  from  his  data  that  there  is  a  gain 
of  three  or  four  per  cent,  when  you  increase  the  vacuum  by  one 
inch.     AVlictlier  a  gain  of  three  or  four  per  cent,  on  your  total 
coal  consnni])tion  will  pay  for  the  trouble  of  running  a  double 
cvlindiM*  dry-nir  pump  and  the  cost  of  buying  a  surface  condenser 
is  a  question,  and  I  very  much  doubt  that  it  will.    In  the  case 
of  my  tnrbinc,  which  is  of  700  to  800  horse-power,  I  have  paid  for 
ihc  condenser  installation,  not  to  exceed  $650  for  the  entire  instal- 
lation—  not  incdudinc:  the  time  of  one  man  for  two  weeks  to  erect 
it — as  aiiainst  several  thousand  dollars,   the  best  price  I  could 
^et  on  any  ty]>o  of  surface  condenser  and  dry-air  piunp  arrange- 
ment.     I'Ik^  vacuum  guaranteed  is  28  inches.     I  speak  of  tke 
injector  tyjK*  of  condenser,  of  course.    I  believe  the  injector  con- 
(i(  ii>er  is   more   desirable   for  the  ordinary  case,  especially  for 
mill  woi'k,  than  the  surface  condenser,  on  account  of  its  cheap- 
ness.    11ie    turl)in(^  is    peculiarly    satisfactory    in    comhinaboD 
wlih  the  injector  condenser  ])ecause  it  does  not  admit  air  to  itself 
in  (►peratinn:  it  has  no  valve-stems  or  piston  rods  to  leakairinto 
the  vacmnn.     Under  these  conditions  a  Wheelock,  a  Bulklev, or 
a   Schnit(^  condenser  will  any  one  of  them  give  very  nearly  all 
ihe  vacuum  there  is  if  ]>nt  up  without  leaks  in  the  oonnectingpp^ 
and  joints. 

I  I'cmemlx'i-  that  nearly  <d,irlitcen  years  ago  Mr.  Jerome  Wieer 
ock  im})ress(Ml  it  uj>on  me — in  opposition  to  my  theoretical  traiDinj 
--that  it  was  (le>iral)le  to  have  a  very  large  exhaust  pipe  ** 
comj)ared  with  current  practice,  where  you  were  exhausting  to  tD« 
atmosphere;  and,  on  the  contrary,  you  might  get  along  ^^n  > 
much  smalhu*  exhaust  i>i]>e  than  was  customary  if  exhausting^^ 
a  condenser.    And  ilr.  Wheelock,  when  he  built  the  Chicago  Ci? 
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jtes,  provided  very  lai^  atmospheric  exhaust  pipes 

had  an  area  hetween  three  and  four  times  the  area 
sxhaust  valve;  and  his  engine,  it  will  be  remembered, 
le  most  economical  of  its  day,  so  long  as  he  lived, 
d  some  experience  with  the  Bulkiey  condonfier,  aa 
heelock  engines.  In  one  case  the  low-pressure  cylin- 
itnraliy  have  a  12-inch  exhaust  pipe  and  condensiT. 
iplant  an  old  enpne  where  there  hiid  been  an  B-inch 
and  condenser.  The  exhaust  pipe  was  a  very  long  one 
lan  60  feet  in  length,     I  left  this  8-ineh  pipe  and 

place  just  to  prove  to  the  owner  that  it  would  not 
ind  to  ray  surprise  that  I  had  13  pounds  of  vacuum 
e  the  low-pressure  cylinder  with  that  8-inch  exhaust 
»  horse-power  Wheeloek  engine.    I  rigged  up  a  nior- 

connecting  it  at  the  condenser  and  at  intervals  along 
lipe,  and  finally  into  the  bottom  of  the  exhaust  chest, 
test  difference  registered  between  the  vacuum  at  the 
d  at  the  cheat  was  not  over  one-ciii'luh  of  an  inch. 
t  an  engine  several  years  ago  which  hm\  rather  a  small 
'.  It  was  a  high-speed  engine  that  wntild  give  from 
nd  a  half  pounds  back  pressure  up.in  exliausting  luto 
?re,  while  it  would  give  a  pressure  in  the  cylinder 
ting  into  the  condenser  that  v/aa  hardly  different 
the  condenser  itself. 

reasona,  or  rather  experiences,  I  believe  that  the 
ne  theory  is  wrong  where  it  claims  it  is  necessary  to 
latively  enomioua  exhaust  pipes  if  a  low  vacuum  »  to 
.  the  turbine  itself.  For  example^  the  Curtis  turbine 
n  out  at  the  lioltoni  of  the  casing  with  a  connection  as 
p  of  the  condenser  to  which  it  is  attiiched.  1  havn 
le  an  iulet  pipe  only  T*  inchea  diaine'(«r,  but  an  ex- 
[wning  with  a  dimnctcr  of  20  inches.  Mr.  Uulkley 
inch  exhaust  pipe  should  bo  large  enough,  and  I  have  ■ 
ided  a  Ifl-incli  pipe. 

i>rds,  T  believe  ihere  is  .some  element  of  the  resiirtanoe 
ning  into  a  vacuuiu  that  is  not  covt-red  by  the  mvre 

of  the  rapidity  of  flow  of  the  steatii  over  the  surface 
Although  it  is  true  that  if  you  carry  the  steam 
1  from  a  medium  to  a  very  low  vBcuum  the  volums 
will  very  rapidly  increase,  my  point  if  that  we  know 
Experience  Hiiit  the  friction  of  the  .^tcani  in  ptts^g 


surcs  ill  the  tests  of  the  AVostin^hoiise-Parsons  t 
find  that  they  are  practically  the  same.  Of  coi 
(liirereiiees,  but  these  differences  are  within  whal 
])ected  b(^w(H'n  the  tests  of  various  wheels  of  the  i 
would,  ther(»fore,  seem  unwise  to  trust  too  much 
tlieory  in  ])redicting  which  of  the  wheels  should  b 
cient,  and  it  would  also  appear  that  Professor  Ka 
aerous  i^round  when  he  savs  that  one  class  of  whe< 
j)er  cent,  lower  in  efficiency  than  another.  Where 
economy  ar(^  as  close  as  those  given  in  the  pape 
dcH'ide,  which  is  the  best  wheel  for  a  given  line  of 
the  results  obtained  in  practice  and  not  to  lean  tooii 

Mr.  Iloinj  L,  Pohrrfy. — 1  wish  to  urge  the  spea 
tlic  subject  of  Steam  Turbines.  1  think  there  an 
I  Ik*  hall  who  are  interested  in  hearing  the  broad  | 
l»in('>  discussed.  1  have  just  arrived  here  after  a  t\^ 
1rij>  troiu  X('\v  York  simply  to  hear  these  papers  di: 

1  would  like  to  say  regarding  ^Ir.  Kerr's  paper  t 
>(■('  a  tcudcncv  to  (diani'e  from  our  old  efficiencv  o: 
afraid  that  would  tie  us  to  a  steam  turbine  or  a 
an<l  \vr  need  a  rating  that  applies  to  all  sorts  of 
'J'he  internal  combustion  engine  I  believe  woidd 
])a.-is  where,  con^ideriuii"  the  available  heat  that 
it  would  have  an  etticic^ncy  of  over  100  percent. 
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bine  the  process  goes  on  witli   three  distinct  steps,  wliile  in 

Parsons  turbine  it  goes  on  #inniltaneous!.y, 

think  there  are  many  here  who  are  very  anxious  to  know 
ut  the  broad  features  of  the  steam  engine  without  regard  to 

manufacturer's  interests,  and  especially  the  relation  of  the 
im  turbine  to  the  other  primi'  movers. 

{.  H.  Suplee. — I  wish  to  make  a  brief  remark  iu  regard  to  what 
fessor  Bull  stated.  Professor  Bull  spoke  about  the  fact  that 
do  not  begin  to  know  it  all  iibout  steam  jets.  Last  simimer 
id  the  privilege  of  discussinfr  this  subject  somewhat  with  Pro- 
lor  Stodola  in  his  laboratory  at  Zurich.  He  had  already  pub- 
ed  his  book — which  I  belieii-  is  the  best  book  that  has  been 
tten  on  the  subject — and  he  told  me  that  he  was  still  conduct- 

a  large  number  of  experinient-s  on  the  behavior  of  steam 
I  with  diverging  and  converfjing  nozzles,  and  that  the  things 
found  out  were  surprising  him  very  much  indeed.  There  is 
doubt  that  there  are  many  eddies  and  swirls  in  steam,  just  as 
may  see  them  in  a  stream  of  water,  only  we  cannot  see  them 
the  steam;  and  Professor  Stndola  told  me  that  he  felt  with 
his  experience  that  it  was  altogether  too  early  to  formukto 
'  definite  theory  about  the  beIia\-ior  of  steam  jets,  and  that 
was  not  exactly  groping,  hut  lif  was  worlting  to  find  out  nd- 
onal  data.  I  think  it  would  be  a  great  mistake,  in  view  of 
work,  to  assume  that  wo  know  it  nil  about  steam  jets, 
tfr.  George  W.  Voiles. — Tbero  arc  a  great  many  interesting  quee- 
18  in  regard  to  steam  turbines,  and  almost  everybody  seemfi  to  be 
'rested  in  them.  A  great  nuiTiy  pc'<.)pk'  seem  to  be  building 
m,  besides  the  four  ty]>es  that  wi>  have  lie«rd  diacussedj  atthough 
se  are  the  only  types  that  are  on  tlic  innrkct  now.  I  am  not 
expert  in  «team  turbines,  but  1  want  to  bring  forward  a  few 
nta  that  have  occurred  to  me,  and  Then  have  the  experts 
*'er  them  if  they  will.  The  fii-st  is  friction  in  steam  lurbinea. ; 
las  been  said  in  one  of  the  ]>apers  that  the  impulse  type  of 
»ine,  wherein  the  steam  was  oxpande*!  completely  in  ono  nozzle, 

the  great  objection  thai  tlic  high  velocity  produced  much  frio- 

against  the  side.a  of  the  }\<r/.y.\m  and  thereby  detracted  muoh 
^  the  efficiency.  Tbe  He  Laviil  (woplc,  of  course,  may  retort 
i8t  the  ParsonH-AVestiiiglioiiMc  form  of  turbino  that  in  that 
'»    although   tihey  have   not   the   liigh   velocity,  they  hllTO  a 

great  amount  of  surface  expnsfd  to  the  stoaiiu,  which  amounts 
'G  same  thing  so  far  as  rediicitig  tlie  efficiency  is  concerned. 


I 


rf:i\*-\j--  *.\,<-  r-r,iif]f.n-fT  \\"ithout  condensation,  tlien  vdx 
Vr-  •••iiip^rariirf'  will  he  so  raised  that  it  will  be  liififh 
drn-'-r.  and  rhf-rcforr'  some  heat  will  be  lost.  But 
r-n^f-  idl  rlir-  hear  iyi  the  friction  will  not  be  lost,  Ix^cau 
rxpaii'linL^  u^liaharicallv,  but  more  nearlv  isothem 
i-'''*!i«r:i.al  curvf^  irives  a  greater  amount  of  work  \ 
l.;ri'-  fiirvf  for  a  given  degree  of  expansion.  If, 
fx]-ii!i-i'»ii  lir-^iurr  froui  a  condition  of  saturation  anr 
r;j<  n-  i-  a  con-iderablo  amount  of  condensation  \^ 
vLmHv  or  piiitly  prevented  bv  the  rise  of  temperati 
itir^-jiiMl  fri^'tion.  In  this  case,  therefore,  the  interna 
|.r'c:'»ly  like  superheating,  to  increase,  not  dimiii 
(■^.h'\('\\('y  of  rhr-  machine:  with  this  difference,  perl 
t.'i'M*'»n  iiifthod  involves  no  inconveniently  liigh  te 
-|"'ia!  ii])]»aratu-.  Kence,  it  would  seem  that  it 
v.li»':]j<r  vvc  expand  in  one  or  several  stages  so  far  a 
]m^~  i^  roiirr-riKMl.  In  fact,  this  seems  to  me  an  arg 
in  t'av'.i-  of  the  luultiple-stage-expansion  turbine,  l)eci 
only  jiliicc  where  a  sensil)le  (piantitv  of  friction- 
\\:i-T«-.|  i>  in  tlic  la>t  of  several  stages,  and  the  perce 
ii<a!   i-  <liniini-lied  correspondingly. 

AiioiluT  important  ([nestion  relates  to  the  erosion  r 
^•r  \an«  -  i'«  f«  rred  to  by  ^fr.  Lea  in  paragraph  12 
Mr.  Lea  .-n^jiir-T-  a  number  of  iiion*  or  loss  indir(*ct  c 
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jhsit  respect  the  abrasion  of  met&l  by  steam  at  high  tempera- 
s  and  velocities  differs  from  these,  more  especially  in  the  light 
he  molecular  theory  of  physics  an<]  Ihe  many  demonstrationa 
lave  of  it.  Taking  another  example,  ii  current  of  air  or  of  the 
3  steam  will,  as  we  know  it  will,  tnuporate  water  or  mercury 
Dntact  with  it,  or,  in  other  words,  carry  away  particles  of. the 
ace  with  which  it  comes  in  contact;  why  shonld  It  not  evapo- 

in  a  like  manner  hard  metal  in  poutnct  witli  it,  though,  of 
■se,  requiring  a  much  greater  temp<Taturo  and  velocity  to  make 
f  felt.  If  tliis  is  the  fact,  there  aro  two  important  deductions, 
ely,  first,  that  it  is  useless  to  seek  to  prevent  the  erosion  by 
fication  of  the  steam  or  otherwise,  and  second,  that  the  erosion 
be  prevented  only  by  using  lower  temperatures  and  velocities, 
sh  again  is  a  point  in  favor  of  the  multiple-expansion  turbine, 
pposed  to  the  De  Laval  type. 
L  confinnation  of  this  theory  as  to  the  cause  of  erosion  lies  in 

facts,  first,  that  the  greatest  erosinn  seenis  to  take  place  in 
De  Ijval  turbine  (where  all.  the  work  is  performed  in  a  single 
ansion),  and  second,  that  the'  wear  (as  stated  by  Mr.  Lea) 
eta  only  the  steam  inlet  side  of  the  buckets,  where,  m  ft  mflt- 
of  fact,  the  velocity  is  greatest  with  respect  to  the  wlieel. 
?here  is  one  thing  that  tlie  De  Laval  people  seem  to  have  over- 
ted  in  discussing  Xlr.  Uddgkinsons  paper.  In  paragraph  25  of 
( paper  it  is  stated  substantially  that  the  ideal  turbine  (mean- 

the  De  I^val  turbine)  is  eswentiaily  a  refined  form  of  that  btiilt 
Branca  in  l(i2!).  Tliis  seems  to  be  hitting  the  De  Laval  turbinu 
ttty  hard.  Some  year.s  ago  when  it  tir.>it  came  out  it  waa  hailed 
HI  original  and  ingenious  invention.  Xow,  1  have  no  doubt  that 
•  I)e  Laval  did  invent  somefliiiig,  hut  an  a  matter  of  cnrioaity 

would  pndiably  all  be  interested  lo  hear  from  the  De  Laval 
'pie  as  to  what  that  somctliing  was.  ThiM  in,  bcflidea,  not  oiniply 
natter  of  curiosity,  as  there  are  a  gixid  nniny  people  who  would 
B  tn  know  wliat  the  De  Laval  patenls  stand  for,  and  how  much 
*niiity  they  must  e.xert  to  get  around  llieni. 
Wr.  AUr.  Dow. — Speaking  from  tlic  point  of  view  of  tha 
n  wlio  buys  turbines  I  have  to  say  tliat  I  buy  thera  for  tha 
'^  reason  that  tlicir  makers  niaiinfucture  them,  namely, 
ause'I  thereby  exjHTt.  to  niiike  money.  1  c.\ptH.'l  lo  buy  mora 
o'nes.  I  believe  then-  are  more  rci-ulls  to  bo  had  for  u  d(4Ur  , 
"8t  form  than  in  the  f.irni  of  tlie  it'^'iprwatlng  ou(pae.  From 
■*ni6  standpoint  I  have  to  eay  that  I  tlilnk  the  turbine  is  now 
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sntfcriii^x  seriously  from  its  friends.  It  is  being  afflicted  with 
iinicli  tlieorv  and  too  many  straps.  It  is  a  little  trying  to  a 
who  believes  in  turbines  to  be  told  that  in  order  to  get  the  \ 
out  of  them  he  must  install  a  condensing  equipment  whid 
volves  more  study  and  possibly  more  expense  than  the  tur 
itself.  I  question  that  statement;  in  my  own  practice  I  am 
installing:  such  equipment.  The  theory  of  the  high  vacuu 
correct,  but  there  is  not  enough  money  in  it. 

Coming  down  to  the  practical  question  as  to  what  is  Dec« 
to  run  a  turbine  successfully,  I  believe  first  of  all  vou  must 
a  good  turbine.  There  are,  at  least,  three  types  on  the  mari 
this  country  that  are  good  machine's.  The  question  as  to  wIm 
one  of  them  is  more  economical  by  a  pound  of  steam  thai 
other,  is  a  question  which  will  stand  for  an  infinite  amoui 
argument  here  but  must  be  settled  by  each  purchaser  on  fina 
coiisidorations.  The  triple  reciprocating  engine  is  more 
noniical  tlian  the  cheaper  single  non-condensing  engine,  b 
lias  not  vet  run  the  latter  out  of  the  market.  There  is  a  mi 
for  l)otli  types.  There  will  be  a  market  for  several  tN'pes  of 
bine  and  for  several  (^onoinie^. 

in  my  business,  which  is  the  electric  business,  reliabiUtyi 
important.  We  liave  in  our  turbine  equipments  up  to  the  pr( 
time  saeritieed  a  great  deal  to  reliability.  The  complication  of « 
denser  ('(luipment  with  a  so-called  dry  air  pump,  is  one  tha 
may  recommend  to  our  Board  of  Directors  on  the  groun 
relinbility  therel)y  secured.  But  in  recommending  it  we  sayu 
onr  breaths  that  it  will  merely  let  the  operating  engineer  be  s 
what  lazv  in  lookinu'  for  leaks.  I  don't  think  it  is  needed  u 
HJ^ma!  conditions.  I  am  not  putting  in  a  dry  air  pump  e< 
iiient.  Ill  niy  (dlieial  o])inion  the  dry  -air  pump  is,  as  I  have 
a  concession  to  the  demand  for  reliabilitv  of  service.  UnoflSci 
:ni<l  as  an  engineer,  I  look  upon  it  as  a  concession  to  the  slael 
of  the  op(M-atin,ii-  man  and  to  the  inefiiciency  of  the  ordinal 
j)nmjll  We  are  incliiKMl  in  these  latter  days  to  forget  tha 
air  ]mni])  should  be  an  air  pump.  We  sometimes  think  tha 
(diief  function  is  to  rcMiiove  the  water  of  condensation  and 
demand  of  tlio  turbine  enu'incH^rs,  for  a  high  vacuum  should r< 
to  our  nieniories  that  the  name  ^'  air  pump  "  should  mean  exa 
what   it  savs. 

I  believe  the  tur])ine  will  continue  to  be  successful  in  serv 
I  believe  that  we  will  continue  to  buy  turbines,  and  that  we' 
install  them  with  comparatively  simple  condensing  equipm^' 
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B&eve  we  will  presently  rediscover  tlif  fact  that  we  can  get 
rfaetory  oommereial  results  in  a  condensing  plant  bj  making 
die  evBryday  points  in  the  game  of  pood  steam  practice.  I  do 
believe  that  in  alt  cases  we  need  biff  r.ondf'naers.  I  am  aura 
;  in  many  cases  the  ejector  eondeji^er,  as  recommended  to-night 
ilt,  Rockwood,  will  answer  the  purpose.  There  is  no  question 
;  the  ejector  condenser  with  a  sufficient  supply  of  water  is 
ible,  and  it  is  certainly  cheap.  It  is  not  so  well  known  and 
reciated  in  the  United  States  as  it  should  be.  In  many  cases 
syphon  condenser  is  desirable,  but  in  other  cases  it  has  not 
[1  entirely  acceptable,  because  of  ihe  fact  that  it  depends  for 
jomparative  efficiency  upon  the  utilization  of  the  vacuum  for 
ing  tho  wat^T.  Any  disturbance  of  tlie  electric  service  tends  to 
udden  disturbance  of  that  vamimii  which  may  initiate  ft 
aenee  of  troubles  ending  in  the  entire  loss  of  vacuum  and  in- 
Tiption  of  service.  In  practice  it  lias  been  found  necessary  in 
»iii  classes  of  electric  work  to  run  the  circulating  pumpB  for 
hon  condensers  at  the  spwd  which  will  deliver  sufficient  water 
hout  the  assistance  of  the  vacuum.  This  would  not  be  neces- 
r  in  ordinary  commercial  work.  In  other  cases  tho  dry  air 
Qp  has  been  added  to  the  syp'lion  condenser,  especially  to 
iatc  this  possibility  of  lost  vaeuiun  due  to  a  sequence  of  dis- 
bancea  initintod  in  the  olcetrical  system. 

'.  think  that  in  turbine  practice  in  Ihe  future  wc  will  most 
quently  use  a  surface  condenser,  and  in  many  cases  will  neoea- 
ily  do  60,  and  that  wo  will  be  abli'  to  obtain  the  desirable  extra 
h  of  two  inches  of  vacuum  without  the  cort  and  trouble  of  a 
Qplex  installation.  First,  wc  will  use  feed  water  which  ia  frca 
mentrainwl  air  or  gases  in  solution.  Feed  water,  particularly 
en  it  is  taken  from  the  ii-rati'd  dischai^i  of  a  syphon  or  jet  oon- 
wr,  contains  much  air  and  other  non-oondeusiblo  gus.  If  it  is 
It  to  the  boiler  througli  a  cloaeil  syHleiii  of  piping  tho  non- 
idensible  gas  must  escape  througli  the  turbine,  and  be  ao- 
nnted  for  by  tho  condenser  and  air  pump.  If  on  tho  contrary 
-  feed  water  is  simmered  or  boiled  in  an  open  heater  much  of 
»  non-condensiblc  gas  win  l>e  got.  rid  of.  St>cond,  wo  require 
lit  piping.  As  I  have  said  before  we  far  loo  often  »oe  the  dry 
'  pump  making  good  the  nepligeiu'c  in  tlie  care  of  tho  piping 
'tem.  Third  and  last,  we  must  us*-  air  pumps  with  smnll  clear- 
*j  and  of  a  design  that  does  not  mix  the  vapor  with  the  water. 
*W  three  things  together  will  in  moyt  instancvs  secure  without 
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(]]i^>'i]ry  the  20  or  27  inches,  which  r^resent?  goo"!  c^jndenser 
jiractirf',  and  ^rith  a  reasonable  increase  in  conden^r  ?urface\rill 
-r-'rwp-  rhr-  2*^  inchf'S  that  the  turbine  engineers  ask  for,  and  which 
r-f-rrixiiily  i-  d^-^-irablo  with  turbines. 

T  iK-lir-vf;  in  the  turbine,  g-entlemen,  for  the  causes  I  have  is- 
-i:rn<'l.  Tiif'Tf'  i-  money  in  it  for  the  man  that  has  to  run  it.  I  do 
not  Think  it  i.-i  yet  in  its  final  form.  I  think  that  all  three  types 
of  turbine  der^eribed  to-night  ^vill  go  on  together,  and  that  out  of 
tljrni  our  future  practice,  certainly  in  electrical  work,  will  arrive  • 
mt  ;i  -tankard. 

Mr.  Fniiir'iH  IIorJgL'inson* — I  feel  some  justification  in  the 
-rl.  ctioij  of  iIk-  Pelton  ty})e  of  \vhc*el  for  the  ideal  turbine  element, 
l!r-tly.  Ixcau-e  it  (M»n^ists  of  a  single  bucket  element  and  a  singk 
ri'././|f.  rlciiHiit,  and  secondly,  it  more  nearly  approaches  pe^ 
initiiii;:  a  (•oni]»Ute  reversal  of  the  operating  fluid,  and  if  thbt 
jittaiind,  the  -pent  fluid  has  no  component  paraUel  with  the  axt 
a-  i-  izrii^nillv  the  {"d>o,  with  all  steam  turbines. 

With  niiard  to  Mr.  Meden's  remarks  on  the  strength  of  revolv- 
iii'j  whcrN,  I  tliink  that  while  the  strength  of  structures  of  material 
r;i;i\  he  considerably  less  limited  than  the  strength  of  the  material 
ih<'iii~rlv(-,  nevertheless,  the  strength  of  the  structures  must  eer 
liiinly  have  -onie  limit,  and  I  think  most  engineers  woiddbecon- 
-il<  iMhIy  ex<  rcised  if  they  were  called  upon  to  design  a  wheel,  say 
I"  r<'<  t  in  diameter,  to  have  a  peripheral  speed  of  say  2,0(H)feet 

« 

In  i<  j.ly  to  Mr.  Medcn's  question  on  the  subjest  of  the  expert 
Mif  n!-  with  no/zhs,  referred  to  in  paragraph  6  of  the  paper, woul'i 
-a V  that  the  steam  was  maintained  as  closely  as  possible  "d^y 
sat  II tat (d,"  j>y  havina'  a  receiver  of  relatively  large  capacity  ub* 
til.  «ll;it('iy  in  the  rear  of  the  nozzle,  before  entering  which  the 
-^<  ani  wa-  thr(»tth'd  to  give  the  desired  initial  pressure  for  tie 
11";  /Ics. 

A  -niall  (juantity  of  water  was  allowed  to  remain  in  the rt- 
<M-i\("t\  which  Won  Id  Ix*  ])iek(Hl  up,  supposing  the  steam  to  be  super 
hratcd  hy  Itcini:-  wire  drawn  through  the  valve. 

I  rather  think  Prof.  Storm  Bidl  is  right  in  his  critician  <*' 
the  words  '•  imj)id>e  ''  and  "  impact."  However,  these  two  wont 
do  imi  ap|»ear  to  me  to  particularly  well  describe  either  of  tfl^ 
conditions.     We  say,  for  instance,  that  a  gas  engine  receives  an 

*  Author's  closure,  under  tbe  Rules. 
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Ise  "  every  so  many  revolutioiiB,  from  which  it  is  inferred 
ie  action  is  not  continuous  and  that  work  is  done  in 
Isea,"  which  seems  to  me  is  an  entirnly  different  sense  to 
is  intended  in  the  properly  constructed  turbine  bucket, 
^heleae,  I  think  Professor  Bull  is  rijiht,  and  I  would  have 
lad  to  change  the  text  of  my  paper  in  this  respect. 
arding  my  discussion  on  steam  jets,  I  did  not  intcml  to  con- 
e  idea  that  their  behavior  was  understood.  As  has  been 
3  out  by  two  members  in  discussion,  there  are  all  kinds  of 

and  swirls  that  render  obeervatioii-i  most  confusing.    My 
was  to  show  the  general  underlyim^  jirinciplcs  made  use  of 

design  of  nozzles,  and  to  show  by  lucaus  of  a  theoretical 

the  reason  for  the  divergence  uliich   is  freijiiontly   not 
.tood  by  engineers  not  familiar  with  turbines. 
course,  we  do  not  know  very  much  iihciit  skin  friction  in 
ee.    Its  effect,  aa  pointed  out  by  Mv.  f'ollea,  must  reault  in 
at  thus  generated  being  returned  to  the  operating  fluid.    If 
rbine  is  a  single  stage  turbine,  then  this  heat  is  notwith- 
ig  lost.    If,  however,  it  is  multiple  stjige,  then  it  would  seem 
lis  heat  would  not  be  entirely  lost  except  in  the  last  stage. 
3  probable  that  frietional  losses  in   fiirbiues  vary  with  a 
■  exponent  tlian  the  square  of  the  rt'lative  velocities.     The 
iT  of  stages  in  a  turbine  designed  lo  work  between  given 
re  limits,  variea  submit antially  inversely  as  the  Bqunrc  of  the 
;y  employed, 
refore,  it  would  seem   that  by  iniTeusing  the  number  of 

in  a  turbine,   tlie   frietional   losses  would  decrease  more 
y  than  the  incren-se  of  surface,  - 

i  would  seem  an  additional  reason  to  favor  the  multi-etagfl 
3  that  pointed  out  by  Mr,  Colics. 
yarding  Mr.  CoUes's  discussion,  I  am  sorry  to  have  con- 

the  least  impression   of  stating  that   V>r.   Tie   Laval  had 
ed  nothing.    While,  I  think,  I  am  C'-rrcct  in  stating  that  the 
aval  turbine  is  a  retined   form  of   \]n-  Branca  wheel,  tho 
;  of  refinement  involvi'd  however,  is  very  great. 
}  dillicultieB  overeiuue,  that  have  been  pointed  out  in  tbo 

by  Messrs.  Lea  and   Meden,  bear  wituesa  to  Hic  progreiw 

The  developments,  as  sliown  by  the  invention  of  the  diver- 

lozde;  the  construction  of  the  disc  und  buckets;  the  employ- 

of  a  fleiiWe  shaft,  and  tlie  remarkable  work  done  by  the 
ivil  gears,  demand  the  admiration  of  engineers. 
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RY   PRorKftAOR  ▲.   RATBAU,   OP  PASIB. 


1.  Ono  of  tlio  most  interesting  developments  in  mechanieil 
engineering  during  the  years  1002  and  1903  was  the  greatly  ex- 
tended us(?  of  steam  turbines.  This  development  is  the  result  (rf 
efforts  whieh  have  been  made  by  various  people  to  increase  the 
etheiency  of  turbines  to  sueh  a  point  that  they  may  compete  com- 
niereially  with  reciprocating  engines.  The  author  has  beenoceu- 
l)ied  for  more  than  fifteen  years  in  the  study  of  rotary  engines, 
and  lie  has  already  published  several  papers  upon  the  subject.  He 
l)(diev(»s  that  in  })resenting  to  the  Institution  of  Mechanical  Engi- 
neers an  account  of  the  practical  result  of  his  labors  uponstetm 
turbines  lie  will  contribute  usefully  to  the  study  of  this  importiDt 
question. 

2.  Althouiih  tlie  i)rinciples  which  distinguish  the  different 
kin<ls  of  turhiiH's  are  well  known,  it  may  be  useful  to  recall brieflv 
iluir  di^tin<tiv('  characters  in  order  that  his  o^\^l  type  of  turbine 
may  he  nmic  easily  distinguished.  In  common  with  all  other 
-team  <'niiin<>,  1urbin(\s  transfonn  into  mechanical  work  the 
<  iH  ray  ^ivcn  <»ut  by  steam  during  its  expansion  from  the  initia 
])re.-sur«-  of  admission  to  the  pressure  at  the  exhaust.  ButwIuB 
rt'eij)r()('atina'  engines  effect  this  transformation  of  eneigv  «f 
meaii-  of  variation  in  ])ressure  of  the  steam,  turbines  can enw 
tliis  tran^formati^ui  lH>tli  ])y  means  of  the  pressure  and  by  meiff 
<.f  tlic  v(  locity  of  tli(»  steam  while  expanding.  The  employmentot 
the  velocity  uuly  in  each  moving  wheel  characterizes  the aetwn of 
im]<nl-ioM  nirbine^,  among  which  may  be  cited  the  La^^  «w 
( 'uiti-  tiirl)in(-.  a<  well  as  that  designed  by  the  author;  whibttk 
>imiili:inr(,u>A  employmrnt  of  the  velocity  and  partial  u.<e  of  tw 
})re<-ure   eliaracleri/e   tli(»   re-action  turbine,   of  which  the  i*s 
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n  type  is  that  of  Parsons.  Wlmtever  may  be  the  method 
lich  the  steam  acta  in  the  turbine  the  chief  problem  consists 
;  employment,  with  good  conditions  of  efficiency,  of  the  very 
velocities  attained  by  the  etcani  in  expanding.  When  the 
ision  takes  place  in  one  stage,  as  in  turbines  with  a  single 
I,  then  the  velocity  of  flow  reaches,  as  is  well  known  in  a 
nsing  engine,  a  value  which  is  usually  above  3,600  feet  per 
i.  But  in  order  to  obtain  the  maximum-  efficiency,  the 
ig  part  of  the  machine  should  liave  a  relative  velocity  which 
iroximately  the  half  of  that  of  tbc  steam.  As  it  is  practically 
sible  to  construct  turbine  wliccls  suitable  for  running  with 
ipheral  velocity  above  1,200  fi'ft  per  second,  the  efficiency 
[•bines  with  a  single  wheel  is  nefcssarily  low,  this  being  due 
y  to  the  necessity  for  the  employment  of  diverging  inlet 
58,  which  give  rise  to  great  hisaes  of  energy  by  friction  and 
ng.  On  the  other  hand,  angnhtr  velocities  which  correspond 
?se  peripheral  speeds  prevent  ibe  direct  driving  of  dynamos, 
Tender  necessary  reduction  f^ears  of  special  and  costly  con- 
tion,  which,  however,  cannot  be  protected  from  excessive 
,  and  are  exposed  to  accidental  brenkago, 
A  consideration  of  these  circumstances  has  induced  in- 
)rs  to  divide  the  expansion  of  the  wteain  into  successive  stages, 
thus  to  produce  turbines  wilh  nmltiple  wheels,  which  are 
ing  but  a  series  of  simple  turbines  mounted  upon  the  same 
;  and  driven  succosaivcly  by  tlie  shuio  current  of  steam.  This 
;n  of  multiple  turbines  is  by  no  mtmns  novel.  It  mil  siifiico 
lention  the  name  of  Tournairc.  u  French  minin|{  engineer, 
le  theoretical  description  to  tlic  Academy  of  Science  in  18S8 
re-action  turbine  with  multiple  wheels  is  surprising  whfln  the 
■iption  is  compared  with  tlie  I'arsuns  turbine  brought  into  aae 
Jara  later. 

Every  simple  turbine  may  be  designed  cither  as  an  impnlBo 
He  or  as  a  re-action  turbine.  In  the  former  kind  the  fall  of 
ir«  under  which  the  simple  hirliine  workfl  takes  plsco  Bololy 
'  diBtributor,  whilst  in  the  latter  type  the  fall  of  prafsure  takea 
•  not  only  in  the  distribnt^ir,  l.iii  alnn  in  the  moving  wheel,  bo 
*»  the  latter  type  tliere  is  a  liigiier  pressure  in  the  guide-vanw 
8t  the  exit.  Fig,  ;!S(i  repnscnln  the  guide-vanen  and  the 
^(K  vanes  of  an  impulse  tiirbim'  in  which  it  is  supposed 
"e  fall  of  pressure  is  small  enough  at  (lie  vanes  to  render 
*88ary  the  use  of  diverging  nuzzles  as  in  the  Laval  turbine. 
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1  illustration  the  triangles  of  velocities  are  given  at  the 
ce  OAB,  and  at  the  exit  OBC  of  tlie  moving  wheel.  Sim- 
in  Fig.  387  are  shown  the  ffiiiile-vanes  and  the  moving 
»f  a  re-action  turbine,  and  the  triangles  of  velocities  at  the 
ee  OAB  and  at  the  exit  OBC  of  the  moring  wheel  are  shown 

figure.  It  is  obvious  from  tlu'sc  illnstrutious  that,  by  the 
nspection  of  the  moving  vanes,  it,  is  possible  to  distinguish 
n  an  action  turbine  and  a  re-a4?tioti  turbine.  In  the  former 
le  vanps  appear  in  transverse  swtion  in  the  form  of  an  arc 
rcle  with  entrance  and  outlet  angles  prai-tieallj  the  same, 
in  the  re-action  turbine  the  cross  section  of  the  vanes  is  in 
rm  of  a  parabolic  arc,  the  entrance  angle  being  more  or  less 
amately  90  degrees  whilst  the  outlet  angle  is  generally 
m  20  degrees  and  30  degrees.  Generally  the  vanes  are 
sed  in  thickness  in  the  middle,  ho  that  the  steam  spaces 
)n  them  have  approximately  a  constant  traiisvorec  section  for 
le  turbines  or  decreasing  sectiun  for  re-action  turbincft.  If 
er  they  are  made  of  plate  they  may  have  a  eonstont  thiek- 
8  in  2,  Fig.  386.  In  re-action  turbines  it  is  important  that 
crease  in  thicknoiwi  should  be  suitably  calciilatiid,  otherwiso 
will  be  an  itiiportunt  loss  of  eftieicncy.  It  is  otherwise  with 
ipulse  turbine  in  which  the  efficiency  is  very  little  aflecttKi 
er  the  vanes  have  a  constant  or  variuble  tbickncBS.  In  B 
turbine  with  multiple  wheels  tlie  different  simple  turbines 
»  all  designed  in  tlie  same  way  or  some  may  be  deaignod 
I  way  and  some  in  another  way  to  jirodnce  a  hybrid  aystt^m. 
Drum  Turbines  ami Midlicplluliir  Turbines. — From  another 
of  view,  drum  turbines  may  be  clintiiiguisbcd  from  mullifel- 
turbines,  in  the  former  tyjic  of  wliieli  ihe  I'nrflotis  turbine  is 
wt  known  example,  the  moving  viiues  are  fixed  upon  the  pt'ri- 
of  acylindrieal  drum;  in  the  lalter  they  are  fixed  lo  the  peri- 

of  wheels  more  or  less  flat  and  separated  from  each  other 
phragins  which  divide  the  interior  of  the  turbine  into  cells, 
irhine  of  the  auflior  hehmfrs  to  tlie  latter  type. 
Fig.  3KH  is  a  diM^nitn  -.f  »  drum  turbine,  and  Fig.  389 
rram  of  a  muUii-elluhir  turbine.  Theso  two  type*  hare 
nt  properties,  so  fur  ii,s  Iiksscs  of  steam  are  concerned.  In 
ulticellwlar  aetion-turhine  h-akago  of  steam  can  only  take 
through  the  play  c.  Kifr.  -isil  which  exists  Iwtwmm  the  abaft 
'©  ring  of  the  fixed  diaphragm  which  surrounds  this  ahaft. 
'  re-action  drum  turbine,  on  the  contrary,  legkfigo  may  t«ko 

Ist,  around  the  moving  wheels  in  a.  Fig.  SUB  (by  reason  of 
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rhr-  i'r--ai-riiiiii;  iitnl  :iil,  in  6  thrfniph  the  play  between  the piit 
viLii'-.-r  iiii<l  till'  iiKiviiifj:  driiiii.  The  tirst  leaknge  can  Ix-supprwsnL 
it'  ilcsiri'fi,  liy  uuikiiig  the  wliecU  work  by  impuUiuii  in^ti-aii  jf  k 
rc-uctinn.  but  then  the  second  leakage  between  the  fixed  vanes  and 
Ebcafe  of  SxBiM  AND  LonoiTCLiDiAL  Thbust  a  Tcebwi^ 


■■'  1 
I  III 

LV         1 
lllffll    |, 

Icukj 

e'c    lu 

nil-  itsiiLiMiiium  It  is  because  of  tliiilw'' 
t  ihi  .Irniii  thiit  turbines  of  the  Paiwns'?!* 
1  iti  H  iikiimnBhip  It  is  easy  to  Lindfi?'^^ 
tditli-.  -f  I  niilhmetre  U  sufficient,  si If^ 
I  (  "I  l(  1 1  produce  a  cross^ectionsl  w^ 
^  I.  iujI  ti>  tbat  of  the  admiasion  pa^ 
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a  the  distributing  rants;  if  by  especially  exact  work* 
p  the  croes  section  of  the  leakage  pas^giu  is  made  very 
s  it  not  to  be  feared  that  after  some  years  of  use  the  weor 
•arts,  either  by  friction  of  the  moving  parta  against  the  fixed 
r  by  the  action  of  the  ateani,  will  increase  the  cross  section 
leakage  passages  and  so  cause  a  notable  decrease  iii  iht) 
•y  of  the  machine? 

.  multicellular  turbines  the  leakage,  being  confined  to  tho 
ry  of  the  shaft,  ia  reduced  in  projKirtion  to  the  radii  of  the 
lU  the  drum ;  and  moreover,  friction  being  less  to  1m;  feared 
ce  where  the  relative  velocities  are  smaller,  the  play  may 
Lced  to  the  absolute  minimum.  In  practice  we  do  not 
about  giving  this  play  any  precise  value.  We  build  tho 
»  with  practically  no  play  round  the  shaft,  and  when  started 
ihine  itself  makes  play  sufficient  to  turn  without  touch- 
internal  rings  of  the  diaphragms. 

•~%ction  of  the  Momng  Paiis  on  ike  Steam. — Tt  would 
probable  that  multicellular  turbinca  produce  relatively 
sees  by  friction  of  the  moving  parts  upon  the  steatu  owing 
Bi^  surface  of  the  moving  wlici'Is.  This  is  however  not 
*,  From  tests  which  we  have  made  to  det^nuine  the  law  of 
,  and  also  from  the  results  of  experiments  made  upon  com- 
achines,  we  have  found  that  frictional  losses  represent  only 

to  i  per  cent,  of  the  noniuil  power  developed  by  the 
e.  These  figures  apply  to  turbines  with  an  outjnit  exoeed- 
)  horse-power.  These  figures  are  eomparablo  with  those 
d  in  dnim  turbines  in  which  tho  friction  of  tho  moving 
heiiiHclvefl  must  lie  a'Med  to  that  of  the  cylindrical  Murfftcu 
tlnmi  iind  of  Mie  biiliiiieiiig  ]ii«toiis. 

'urbines  with  Oroujis  of  Whfflit. — Another  type  of  turbine 
nay  really  be  considered  as  belonging  to  the  inipuW  class  ia 
milt  u|K»i  a  large  scale,  and  ia  known  under  the  namo  of 

In  this  tyi>e  instead  of  nsing  ujion  a  single  moving  wlieul 
wity  of  discharge  of  the  steam  leaving  the  dLslributor,  it  is 
>nn  several  wheels  arranged  in  scriea  iu  order  to  dimiiiiflb 
iwity  gradually.  The  priiiciph'  ujHm  which  the  Curtis  tur- 
de«igned  has  been  ilescrilied  in  18!K)  by  Mr.  Mortier  in  a 
ioa  which  took  place  after  a  paper  had  been  read  by  the 
Upon  Bteani  turbines  iu  general  and  upon  the  Pareoos  tar- 
particular.* 

Cmnplrs  Ken<lii»  dc  1ii   f.KJcti'   Je  riuiluiilrie  Miuersle  »  Ht   EHonnn, 

or  April  12.  18»0. 


1 


7'JO 


UlFl^EUEST   AI'I'LICATIOXS   OF    BTEAU   TURBINES. 


to  H'liicli  tlicy  are  subject  in  the  turbine.  These  moTtng  vWl: 
turn  between  t-irciilar  diapliragins  provided  AvitU  distributing rancj 
wliich  enter  circunifcrentially  into  grooves  formed  in  theint^riai 
of  tlic  turbine  cuse.  Between  two  adjoining  diaphragms  is  then- 
ii.n-v.  ])rodueed  a  ecU  or  very  flat  chamber  in  which  the  moving 
wlieel   rev<..lves.      'J'lic   shaft  i)asse9  through   the  diapkngms  in 


collar*  of  antifriction  iiii?tal  witli  very  sliglit  friction.  In  the  fii^' 
diapLra^nn  which  the  steam  passes  through  tlic  distributing  imfe 
art  placed  only  upon  a  part  of  the  circumferenco.  Partial  inj«- 
tion  of  the  steam  is  therefore  obtained,  and  thus  the  velnci^of 
the  stPam  is  better  utilized.  Moreover,  to  produce  the  sani' 
effect  the  useful  part  of  each  distributor  is  set  with  an  aMilM 
advance  on  the  preceding  section ;  this  angle  of  advance  is  calcu- 
lated according  to  the  speed  of  rotation,  so  that  the  aleam  leani? 
one  moving  wheel  enters  intr>  the  following  distributor  and  i"^' 
encounters  a  solid  wall  -which  would  produce  a  shock  and  ihen'/''"' 
a  loss  of  kinetic  enerj^y.     For  the  last  wheels  it  is  nwe^snn '" 
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oy  total  injection,  that  is  to  say,  the  distributing  vanes  must 
't  upon  the  whole  circumference  of  the  diaphragm,  and  more- 
,  owing  to  the  expansion  of  the  steam,  the  radius  must  be 
'ased.  The  bearings  of  these  turbines  are  external,  and  by 
IS  of  a  special  system  of  spring  packing  they  are  kept  perfectly 
:.  No  oil  is  carried  by  the  exhaust  steam  to  the  condenser, 
this  has  an  important  advantage  as  the  water  of  condensation 
be  used  for  feeding  steam  boilers  direct  without  any  neces- 
for  the  use  of  an  oil-separator.  The  speed  of  rotation  is  con- 
ed by  a  centrifugal  governor  with  a  Denis  compensator,  which 
upon  an  obturator  which  controls  the  pressure  of  steam  enter- 
he  turbine. 

I.  High  and  Low  Pressure  Turbines. — ^In  the  case  of 
illations  where  exhaust  steam  must  be  used,  a  subject  wliich 
shall  consider  in  detail  at  a  later  stage,  it  is  often 
•able  to  supply  the  turbines  temporarily  with  steam 
ligh  pressure  when  the  primary  machine  is  stopped  or 
umishing    less    steam,    and    the    work    done    by    the    tur- 

must  remain  the  same.  In  order  to  obtain  economical 
dug  it  is  preferable  not  to  expand  this  steam  in  order  to  lower 
►  the  pressure  for  which  the  low-pressure  turbine  is  built, 
refore,  the  author  lias  designed  a  turbine  which  may  be  de- 
>ed  as  of  the  mixed  type^  and  this  can  be  supplied  either 
iltaneously  or  separately  by  steam  at  high  pressure  and  by 
n  at  low  pressure  without  any  lowering  of  the  efBciency  of  the 
hanism.  In  order  to  attain  this  result  the  turbine  is  con- 
futed in  two  parts,  one  <l(»signe(l  for  high-pn»ssuro  steam  and  the 
r  for  low-pressure  steam.  The  steaiii  at  high  pressure  having 
*  work  in  the  first  portion  will  pass  to  the  second  portion,  which 

be  fed  either  by  st(»am  coming  from  the  accumulator  or  by 
exhaust  from  the  first  portion.  The  admission  of  high-pressure 
m  into  the  first  portion  is  automatically  obtained  by 
ns  of  a  special  regulator  which  allows  steam  from  the  boilers 
ass  to  the  first  portion  as  soon  as  the  pressure  in  the  accumu- 
r  falls  below  a  given  value.  This  arrangement,  which  has  been 
?ted  in  all  the  new  applications  of  the  system  to  the  use  of  ex- 
j^t  steam,  works  verv  (H'ononiically,  and  is  particularly  suitable 
-aHcs  in  which  the  priniarv  machine  works  irregularly,  and 
TO  therefore  the  (l(Miiand  for  live  steam  is  frequent  and  some- 
it  prolonged.  In  the  small  machines  the  two  portions  are 
ally  joined  togetlu^r. 
3.  Efficiency  of  Turhitws, — It  is  essential  that  the  word  eflB- 
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to  wliicli  they  are  subject  in  the  turbine.  These  moTing;  wl 
liini  bftwccu  circular  diaphragms  provided  with  distributbgr 
which  enter  circuiiiferentially  into  grooves  formed  in  the  inti 
iif  the  tiubiite  case.  Bftwcen  two  adjoining  diaphragms  is  ti 
fore  jiroduced  a  cell  or  very  flat  chamber  in  wluch  the  mo 
wIk'cI   rcvul-(-es.     The   shaft  passes  through   the  diaphra^ii 


fi.lhns  iif  auti-friction  metal  with  very  slight  friction.  In  tie 
diaphnifjiii  which  the  steam  passes  through  the  distributing  vi 
arc  ]iliiced  only  upon  a  part  of  the  circumference.  Fartiilii 
ti'Ui  (if  the  steiiin  U  therefore  obtained,  and  thus  the  velodti 
tliii  sleam  is  bi'tli'r  utilized.  Moreover,  to  produce  the  si 
effeet  till'  useful  part  of  fai'h  distributor  is  set  ivith  an  angi 
a(]v:iuee  iHi  the  preecdidfj  section;  this  angle  of  advance  isM. 
latcd  iifci)rc]iiii>;  t<i  the  speed  nf  rotation,  so  that  the  steam  leiT 
one  moviujr  wheel  rnter^  into  the  following  distributor  eni  ne 
eneountcr!>  a  sidid  wall  wbic-li  would  produce  a  shock  and  theref 
8  loss  of  kinetic  energy.     For  the  last  wheels  it  is  neoessaij 
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ploy  total  injection,  that  is  to  say,  the  distributing  vanes  must 
set  upon  the  whole  circumference  of  the  diaphragm,  and  more- 
er,  owing  to  the  expansion  of  the  steam,  the  radius  must  be 
ireased.  The  bearings  of  these  turbines  are  external,  and  by 
)ans  of  a  special  system  of  spring  packing  they  are  kept  perfectly 
ht.  No  oil  is  carried  by  the  exhaust  steam  to  the  condenser, 
1  this  has  an  important  advantage  as  the  water  of  condensation 
I  be  used  for  feeding  steam  boilers  direct  without  any  neces- 
f  for  the  use  of  an  oil-separator.  The  speed  of  rotation  is  con- 
Ued  by  a  centrifugal  governor  with  a  Denis  compensator,  which 
s  upon  an  obturator  which  controls  the  pressure  of  steam  enter- 
;  the  turbine. 

12.  High  and  Low  Pressure  Turbines, — ^In  the  case  of 
tallations  where  exhaust  steam  must  be  iised,  a  subject  wliich 

shall  consider  in  detail  at  a  later  stage,  it  is  often 
urable  to  supply  the  turbines  temporarily  with  steam 
high  pressure  when  the  primary  machine  is  stopped  or 
furnishing  less  steam,  and  the  work  done  by  the  tur- 
le  must  remain  the  same.  In  order  to  obtain  economical 
•rking  it  is  preferable  not  to  expand  this  steam  in  order  to  lower 
to  the  pressure  for  which  the  low-pressure  turbine  is  built, 
lerefore,  the  author  has  designed  a  turbine  which  may  be  de- 
ribed  as  of  the  mixed  tji)e,  and  this  can  be  supplied  either 
aultaneously  or  separately  by  steam  at  high  pressure  and  by 
«m  at  low  pressure  without  any  lowering  of  the  efBciency  of  the 
"chanism.  In  order  to  attain  this  result  the  turbine  is  con- 
Uctod  in  two  parts,  one  dosignod  for  high-prc^ssuro  steam  and  the 
lor  for  low-pressure  8t(»ain.  The  steam  at  high  pressure  having 
K'  work  in  the  first  portion  will  pass  to  the  second  portion,  which 
y  be  fed  either  by  steam  coming  from  the  accumulator  or  by 
>  exhaust  from  the  first  portion.  The  admission  of  high-pressure 
am  into  the  first  })ortion  is  automatically  obtained  by 
ans  of  a  special  regulator  which  allows  steam  from  the  boilers 
pass  to  the  first  portion  as  soon  as  the  pressure  in  the  accumu- 
or  falls  Wow  a  given  value.  This  arrangement,  which  has  been 
>pted  in  all  the  new  applications  of  the  system  to  the  use  of  ex- 
iist  steam,  works  vt»rv  economically,  and  is  particularly  suitable 
cases  in  which  the  primary  machine  works  irregularly,  and 
i^re  therefore  the  demand  for  live  steam  is  frequent  and  some- 
^at  prolonged.  In  the  small  machines  the  two  portions  are 
Lially  joined  together. 

13.  Efficiency  of  Turbines, — It  is  essential  that  the  word  eflB- 
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cicney  should  be  clearly  defined  in  order  to  avoid  any  misconeei)- 
tion  as  to  the  figures  which  are  given  below.  The  author  uses 
th(*  exi)ression  "  Theoretical  consumption  of  the  perfect  machine" 
to  (l(»uote  the  maximum  work  which  the  steam  is  capable  of  supply- 
ing when  starting  from  the  saturated  or  superheated  condition  in 
which  this  steam  is  delivered  to  the  engine  and  expanding 
adiabatically  witli  no  loss  of  admission  pressure  P  to  exhaust  pres- 
sure p.  By  comparing  the  actual  consumption  of  steam  as  meas- 
ured during  the  tests  of  the  machine  with  this  theoretical  consump 
tion  of  the  perfect  machine  for  identical  conditions  of  pressure  and 
similar  states  of  the  steam  the  net  efficiency  of  the  machine  b 
obtained.  After  special  study  of  the  question,  the  author  has  been 
able  to  draw  a  curve  of  theoretical  consumption  and  to  derive  from 
it  tlie  following  empirical  formula  for  use  when  the  steam  i? 
saturated  and  dry  at  admission : 


7-     Ao^      6.95  -  0.92  log /> 

K  =  0.85  -f  -. j^ i — ^—  • 


Jog  P  —  log^ 

14.  This  formula  gives  the .  consumption  K  in  kilograms  jht 
liorsc-powiT-hour  of  75  kilogrammetres  as  a  function  of  the  aW 
lute  ])rossnr('s  P  and  p  expressed  in  kilograms  per  square  cenii- 
metre,     lu  British  measures  this  formula  becomes — 

A-  =  2.13  +  ^^f^-/QV<>g-P. 

log  /^  —  log^ 

A'  in  ]1)S.  per  horso-power-hour,  P  and  p  in  lbs.  per  square  inch. 
Hie  curve  which  is  given  in  Fig.  392  will  readily  afford  inte^ 
cstin^'  information,  particularly  if  it  be  necessary  to  estimate 
the  consumption  (►f  steam  with  a  given  machine  to  obtain  a  certain 
useful  ert'ect.  In  that  case  the  theoretical  consumption  perhowe- 
])o\ver-liour  ,ii.iven  by  the  curve  should  be  compared  to  the  exact 
consunii>tion  <>f  steam  actually  observed  with  the  machine,  and  of 
course^  refei'rinu-  to  the  particular  number  of  electrical  horse-power 
developed  l)y  the  dynamo  driven,  or  to  the  power  in  water  raiseo 
(ex])ressed  in  horse-]H)\ver-h(>urs),  if  pumps  are  driven  by  the  in** 

• 

cliine.  The  relation  between  th(»se  two  figures  of  consumption 
ti'ives  the  cond)in(Ml  efficic^ncy  of  the  group,  and  therefore  take? 
account  (►f  all  the  losses  of  the  steam  engine  and  of  the  dnven 
meclianisni.  This  combined  efficiency  is  merely  the  product  oi 
th(^  etficii'iicy  of  the  ])rinie  mover  nmltiplied  by  the  efficiencv  of 
the  machine  driven.  If  the  steam  admitted  to  the  turbines  i? 
sui)erheat(^d,  then  of  course  in  estimating  the  theoretical  consumi'' 
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the  extra  calorific  energy  correnjjonding  to  the  superheat  miiat 
aken  into  acuoiiiit;*  but  fur  the  exact  estimation  of  tliia  extra 
•gy  we  have  not  as  yet  adequate  precise  knowledge  of  tho 
ific  heat  of  the  vaiwr  of  water.  At  present  we  have  merely 
figure  obtained  by  Regnault  after  very  cursory  experimeata 
,  a  figure  which  is  merely  a  rough  approximation. 


r>.  The  author  has  iM'gun  tionit'  expcrinieuls  upon  this  «ubji'ct- 
;u  which  he  bclicvta  he  will  be  able  to  prove  that  the  tnio 
ciiic  hctt  of  etcam  is  not  couBtant,  as  has  been  usually  supjKwed 
to  thfl  present.  It  varies  inversely  as  the  amount  of  superheat, 
1 18  probably  approximately  wnity  for  very  small  valuer  of  9Uper- 
t,  and  approBches  0.40  for  large  amounta  of  anperheat. 
.a.  Calcvlalitm  of  the  Effirimnj  of  rurfctnes.— The  efficiency 
a  turbine  may  be  calculated  a  priori  when  a  preliminary 
dy  has  been  made  of  iho  practical  coefficients  which  must 
introduced  into  the  theoretical  formula.  We  calculate 
*   efficiency   with    quite    a    remarkable    degree    of    flceuraey 


'TtirwretiuUs  wnro  piiMiHlii'')  tor  th«  timl 
-<•,  In  PcliruHry,  IHUT,  hikI  ><iij<->>  Mint  ilato  }•» 
lOd  Iq  vtri'iUB  KrencU  onJ  fi>rri(fu  I'uUlirnlio 


tloii!  in  the  A  nttaUt  det  Mine*  dt 
in  aa  msiif  occMioDH  bmn  r«|>ab- 
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by  dividing  the  losses  of  the  machine  under  two  headings: 
1st,  the  internal  losses  which  are  produced  by  friction  and 
eddying  of  the  steam  in  the  fixed  and  moving  vanes ;  2d,  the  exter- 
nal losses  which  correspond  to  the  leakages  of  steam  in  the  plaj 
between  the  fixed  and  moving  parts,  and  to  the  friction  of  tie 
wheels  ui)on  the  steam  and  to  the  friction  of  the  bearings.  The 
first  kind  of  losses  gives  rise  to  the  internal  efficiency,  which  may 
therefore  be  called  the  "'  hydraulic  efficiency  "  by  extending  the 
use  of  the  term  employed  for  hydraulic  turbines.  This  internal 
efficiency  dei)ends  upon  the  more  or  less  perfect  form  of  the  vanes, 
and  also  to  the  relation  between  the  peripheral  speed  of  the  mov- 
ing vanes  and  the  speed  of  flow  of  the  steam.  It  is  possible  to 
draw  a  curve  showing  the  efficiency  as  a  function  of  the  peripheral 
velocity,  and  therefore  it  is  easy  to  at  once  assign  the  degree"! 
efficiency  which  a  given  turbine  will  realize. 

IT.  Once  having  fixed  the  internal  efficiency,  then,  in  order  to 
obtain  the  net  efficiency,  we  must  deduct  the  losses  by  leakage  a* 
well  as  the  losses  by  friction  of  the  wheels  upon  the  steam,  andabo 
those  in  the  bearings.  Let  us  take,  for  example,  a  multicellular 
turbine  of  1,500  brake  horse-power  upon  the  shaft  with  a  speed 
of  1,500  revolutions  i>er  minute.  By  means  of  practical  coeffi- 
cients found  by  ex})erience  we  can  calculate  that  the  internal  effi- 
cieucv  of  such  a  machine  may  easily  rise  to  69  per  cent.;  on  the 
otiier  hand,  the  losses  by  leakage  and  by  friction  in  the  bearing 
absorb  1-5  ])er  cent,  of  the  normal  power,  and  the  losses  due  to 
friction  of  the  whec^ls  u})on  the  steam  amount  to  2.5  per  cent.,  mak* 
iiii^:  a  total  for  the  external  losses  of  4  per  cent.  The  neteiBciency 
uj)(»ii  the  shaft  at  the  speed  stated  will  then  be  0.69  multiplied bj 
o.Jm;  -1^0. (K;.  From  this  value  of  efficiency  it  is  easy  to  calculate tk 
cousuuiption  of  steam  j)er  horse-power-hour  which  would  be  ri" 
(juirtMl  ])y  this  turbine  under  conditions  of  pressure  and  of  supl'^ 
heat  of  the  steam  already  determined.  All  calculations  for  design? 
of  turbines  that  we  have  ma<le  bv  this  means  have  always  pro^^ 
correct  within  1  to  2  per  cent,  of  actual  practice.  Such  accurate 
cal(*ulaiioiis  are  not  ])ossible  in  the  case  of  reciprocating  enginf? 
owiuii'  \i)  the  action  of  tlu^  cylinder  walls,  which  makes  calculation-* 
uucorfain  and  often  inaccurate,  whilst  in  the  turbine  the  coiitinwty 
of  ilow  of  the  steam  allows  ]>ractical  calculations  of  a  hi^h  degr<^ 
of  accuracy  to  be  l)ase<l  upon  tlieorv  once  havinof  detenuined  tne 
fundamental  ccH'tlicients  which  are  employed  in  the  formnlff-  ^^^ 
a  more  detailed  consideration  of  the  use  of  these  coefficient^  tiit? 
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or  refers  to  tte  work  which  be  published  in  1903  in  the 
TUB  de  Mecaoique  "  eDtitled  "  TUeorie  elementaire  des  Tur- 
i  a  Vapeur." 

t.  The  Results  of  Actual  Practice. — The  author  began  the  oon- 
itioa  of  his  first  multicellular  turbines  in  the  year  1898  in 
boratioD  with  the  finn  of  Messrs.  Sautt^r-Harle  of  Paris,  and 
B  are  now  already  at  work  or  in  process  of  manufacture  tur- 
B  developing  more  than  25,000  horse-power  in  units  varying 
I  10  to  2,000  horse-power  irrespective  of  the  designs  now  in 
aration.  Some  of  these  turbines  arf  used  for  driving  dyna- 
,  others  for  pmnps,  for  fans,  and  for  the  propulsion  of  vessels, 
author  has  appended  a  brief  abslract  of  the  conditions  and 
oniieal  results  of  the  most  interesting  of  those  installations. 
).  Turbo-Dynamos  for  Direct  Current. — The  company  of  the 
?8  of  Pefiarroya  in  Spain  installed  in  their  central  electric 
ting  station  a  little  more  than  a  yenr  ago  three  groups  of  turbo- 
amos  developing  500  electric  horai'-powcr  with  direct  current 
40  volts.  Each  of  these  three  generating  sets  comprises  two 
lines  for  high  and  low  pressure,  nnd  two  dynamos  for  direct 
■ent,  the  latter  directly  driven  from  the  turbines  upon  the 
e  shaft  and  upon  the  same  bedplalc,  and  tlie  two  dynamos 
ply  a  three-wire  network  with  a  potential  of  480  voltit  between 
outer  wires.  The  speed  of  rotation  is  about  2,200  revolution.^ 
iiiimito,  and  tlie  floor  space  occujiied  by  the  turbine  with  it* 
portions  is  only  12  feet  by  5  feet  (J  inches,  with  a  height  of 
;et  inclusive  of  a  bed-plate  1  foot  high.  Tho  condensation  of 
steam  is  carried  out  by  means  of  ejcetor-oondeiwers  of  a  type 
gned  by  the  author. 

0.  Kigs.  'A'd'i  and  ;i!l4  show  a  longitudinal  section  and  a  plan 
the  turbine  whicli  has  twenty-four  moving  wheels.  This 
ks  testa  of  the  tirrit  group  were  made  in  September,  1B02, 
1  the  greatest  care,  and  they  have  given  the  roaulta  which  are 
*n  in  Table  I.  'J'he  condcnsittlon  was  made  for  tlit'*e  («st9  by 
Us  of  a  surface  ciuiilcnser  belonging  to  the  works,  so  that  the 
-T  of  condensatiim  might  be  collect^'d  and  nipasured.  It  will 
een  that  the  vncuuni  at  (he  condenser  declined  as  the  power  in- 
sed.  This  result  arises  from  the  fact  that  the  condenBi'r  waa 
gned  for  machines  of  2"iO  horse-power  only,  and  theroforo  wa» 
aaufRcient  size  for  the  larger  vohmies  of  att-am. 

1.  It  follows  from  the  preceding  ii^ures  tiiat  a  turbine  develoi*- 
644  electric  horso-iwwcr  and  working  without  appreciable 
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superheat  between  an  adrnission-pressure  of  156  lbs.  alwolme 
and  an  exhaust-pressure  of  1.8  lbs.  (notably  higher  than  the  iv- 
sults  given  bv  good  condensers  in  practice)  has  given  the  reduce<I 
consuiii})tion  of  14.9  lbs.  per  electrical  horse-power  at  the  ter 
niinals ;  the  combined  efficiency  for  the  set  being  then  59  percent 
when  compared  w^ith  the  energy  contained  in  the  steam  for  the 
same  fall  of  pressure.  With  steam  at  180  lbs.  superheated  50 
degrees  and  a  vacuum  of  29  inches  of  mercury,  the  consumption  at 
2,400  revolutions  yx'r  minute  would  decrease  to  11.5  lbs.  per  elec- 
trical liors(^-power-liour. 

TABLE  I. 


Data. 


Eloctrical  H.P,  at  brushes. . .. 

Admission  j)ressiir(»,  absolute, 

li)S.  per  sq.  in. 

Exiiaust    pressure,    absolute. 

lbs.  per  sq.  in. 

Theoretical  steam  consump- 
tion of  ])erfect  engine  per 
H.P.  hour lbs. 

Actual  steam  consumption  per 
electrical  II.  P.  hour  at 
brushes lbs. 

Combined  ethciency  of  the 
electrical  generating  set. .  . . 


135 
46.21 
1.24 

10.93 

21.3 
0.513 


259 

525 

76.6 

186 

1.88 

1.63 

9.8 

8.89 

18 

15.8 

0.540 

0.560 

627 


156 


Ovrt- 

ItiMtlt 

2,400  KT. 


641 
156 


1.82        1.82 


8.78 

15.39 
0.569 


8.T8 
14.90 


'I'l,   Fig-.   ^J!)^>   iiivos  tlie  curv^es  corresponding  to  the  figure? 
til  ken  at  a  ^pcod  of  2,400  revolutions  per  minute.     The  ab^'i??ff 
denote   the   power   of   tlie    machine   in   electric   horse-power  at 
the   terminals  of  the  dvnamos.      The  ordinates  vary  with  the 
curves.     For  (»nrve  .1  tlie  ordinates  denote  the  absolute  pressure 
of  the  steam  on  reaching  tlie  turbine  in  lbs.  per  square  inch.    For 
cui-ve  />  tli(\v  show  the  absolute  back  pressure  at  the  exhaust  in  lbs. 
|)er  s(jnare  inch.     For  curve  C  they  show  the  total  consumption  of 
steam  in  ll)s.  p(M*  hour,  and  for  curve  2?  they  show  the  consumption 
}>er  electrical  horse-power  in  lbs.  per  hour,  and  lastly  for  curve 
E  they  show  the  cond)ined  efficiency.     These  graphic  curves  show 
clear Iv  a  remarkable  characteristic  of  turbines  which  is  the  very 
low  relative  consumption  of  steam  at  small  loads.    It  will  be  seen 
that  in  order  to  drive  tln^  machine  at  its  normal  speed  with  no  load 
but  with  the  dynamo  (^xcited,  the  total  consumption  of  steam  is 
only  10  per  cent,  of  that  at  full  load.    With  reciprocating  engines 
th(^  result  would  be  verv  different.    Under  similar  conditioDS  the 
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ion  of  steam  at  no  load  with  tlie  dynamos  excited  usually 
rom  20  to  25  per  cent,  of  the  consumption  of  steam  at  full 
therefore  follows  that  turbine  sets  are  more  advantageous 
[jrocating  engine  sets  when  running  at  light  loads,  even 
'  it  be  admitted  that  there  is  equality  at  heavy  loads.  An- 
lable  property  of  steam  turbines  is  that  they  may  be  eon- 
overloaded  without  difficulty.  Thus,  in  the  case  of  the 
at  Pefiarroya,  which  were  designed  for  500  horse-power, 
been  able  to  develop  G50  electrical  horse-power,  and  the 
uld  have  been  raised  even  still  higher  had  it  not  been 


Fia.  89>j. 

.■crlicnliiig  iif  llio  cnnimutHlors  of  tho  dynamos.  In  our 
wc  are  enabled  to  take  an  overload  by  supplying  ateani 
ibutor  more  or  less  distant  from  the  inlet  in  the  series  of 
I  distributors.  The  stop  valves  which  regulate  this  aup- 
7  admission  can  bo  moved  by  band  or  controUod 
lily  by  the  governor.  The  second  group  was  Biibmitted 
etent  coiiimittcc  {consisting  of  Professors  Stodola,  Wy»8- 
famy  of  the  Zurich  Polytechnicum)  and  this  cominiawon 
I  figures  for  consumption  of  steom  a  Httlo  higher  (from 
f  cent.),  the  ampere  meter  brought  from  Ziirich  having 
.'•what  higher  readings  than  the  instruments  standardized 
ntral  laboratory  of  tho  Ecole  superieuro  d'Eleotricito  in 

ese  sets  of  turbo-dytmnioH  for  direct  current  have  proved 
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ffomewhat  unsatisfactory  in  practice,  owing  to  the  sparking  of  the 
brushes  occasioned  by  the  vibration  of  the  armatures.    The  cc'in- 
liiutators  of  direct-current  dynamos  are,   as  is  well  known,  the 
delicate  parts  of  these  machines,  particularly  when  they  have  to 
run  at  such  a  great  angular  velocity  as  is  necessary  if  direot 
coi.ij'lod  to  steam  turbines.     In  order,  to  obtain  sparkless  nmniii^ 
-I'erial  arrangements  must  be  made  for  absorbing  the  ribratio::, 
but  it  is  very  difficult  to  maintain  in  good  equilibrium  such  lieten> 
gr.'iir.oiis  b<^»dif'3  as  the  armatures  of  dynamos  consisting  of  bars  f)i 
coj.fM-r  which  become  slightly  displaced  under  the  action  of  centrif- 
ugal   f'^'L-e    owing   to   the   compression    of   insulating  material 
Special  arrangements  for  static  equilibrium,  and  also  for  dynamic 
f  'niiiibriniii  have  been  designed,  but  the  construction  of  theanu- 
Tun-  is  -rill  alwavs  somewhat  delicate,  and  it  is  onlv  after  several 
i!j!}'rov<  iiHiits  that  it  has  been  possible  to  make  them  workWi 
At  Pcfjarroya  tlie  vibrations  were  caused  principally  by  want ol 
\(:v('\  l)f'twcen  the  bearings,  and  this  was  brought  about  by  sonie- 
imiit  (if  the  masonry  supporting  the  machine.    In  order  that  boJis 
in  rajiid  rotation  upon  very  long  shafts  supported  by  several  bea.'- 
inn-  niiiy  Turn  ca^^ily  "without  vibration,  it  is  indispensable  that  the 
j'riii(i])al  axis  of  inertia  of  each  part  should  coincide  with  the  axB 
of  rotatinii,  and  the  bearings  must  be  in  correct  alignment.  Id 
>]^\*('  nf  tlnso  difficulties  it  has  been  possible  to  build  gooddirec:- 
f'i:rr<iii    tlyuaiiios  for  direct  coupling  to  turbines,  and  when  U 
\''-l:;io('  i<  liitih  the  problem  is  simpler.    Owing  to  the  highperip 
(■nil  vcloriiy  of  the  commutator  it  is  usually  necessary  to  employ 
ijHiallif  bni-lics,  but  in  certain  cases,  notablv  with  turbines fU?" 
pli'd  by  -I «  a  111  at  low  pressure  when  the  angular  velocity  is  lo^^' 
it.  Iia-  \u('\i  j)()s-iblc  to  use  carbon  brushes.    The  machine  at Bnay. 
V.  Iiir'li  v.i!!  l.c  referred  to  later  on,  is  an  example.     Among  othfi 
■ci-  i\iy  •lirr-cl.  current  built  by  Messrs.   Sautter-Harle  may  ^^ 
Jii<  i.[i(.iM'<l  niic  of  500  horse-power  for  Uuta-Bankowa  (Rns^ 
J^i'iaii'l),  wliich  is  interesting  from  the  fact  that  the  two porti'jD| 
di.  I  lie  Turltine  and  the  two  dynamos  were  built  on  two  paraM^"- 
-Ii-'il'is.     'rhl<  arranii-emeiit  offers  the  advantage  that  oneoftn^ 
liahr-   «.r   111.-   ^i'(»uj)   can   be   used  if  the   other  is  accidentaLy 
(laiiiaij(=<l. 

■J.  t.  Ti/rh!/if  s  ti'llh  AlfrDiaturs. — The  construction  of  general'"'^ 
fi)V  twn-j.liase  ajul  ilireo-pliase  current  for  direct  driving  by  ^'^'" 
l»ine>  olTeiN  iiiucli  less  (lilliculty  than  the  design  of  direet-ourTfH' 
ilyiiani<»s  for  the  -anie  purpose.     The  absence  of  the  couunu^^''' 
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mdera  possiblp  higher  angular  velocities  for  altcmiitoi-s  than  for 
irect-current  dyiiairios.  Three  types  of  alteniators  have  been 
ried  successively,  Tlie  machine  with  the  .solid  rotor,  that  with  the 
stating  field  magnet  and  that  with  the  rotating  armature.  The 
rst  type  would  be,  from  a  mechanical  point  of  view,  the  ideal  gen- 
rator  for  coupling  to  a  steam  turbine.  Unfortunately  from  its 
esign  it  is  impossible  to  use  speeds  higher  than  1,500  revolutions 
erminute  for  a  frequency  of  50  periods  per  second.  On  the  other 
Bad,  this  type  of  machine  permits  much  greater  magnetic  leok- 
a^  than  the  others,  and  this  necessitates  disproportionately  large 
imensions  and  a  comparatively  low  efficiency.  These  circum- 
:aDces  are  unfortunate,  for  the  alternator  with  the  solid  rotor 
ould  permit  of  making  the  movable  part  of  very  solid  construe- 
on  which  is  easy  to  balance  once  for  all  and  thus  avoid  any  ehance 
*  mishap.  It  is  on  these  grounds  that  types  of  alternators  with 
'volving  field-magnates  or  revolving  armature  arc  in  actunl  use, 
id  Messrs.  Sautter-IIarle  have  already  built  a  great  nnmber  of 
it'ui.  The  view  in  Fig.  .'!iK>  represents  a  inrbo-allernator  with  re- 
>lving  field-magnets  to  develop  400  electric  horse-power  at  5,500 
>lt8,  and  this  macJiino  is  now  worWng  in  the  gtmerating  station 
the  Loire  Ivlectricity  Co.  The  moving  part  of  this  machine 
altes  3.000  revoluti'^ns  per  minute.  The  results  of  tests  have 
'("n  as  follows : 

i^;wure  (ifsri'nm 170  (HiumlH  abiiolat*. 

«Pk  lin-sHuri;  .if  llic  exlii.nyi i.HR  poiinilK. 

Btput  "f  (lio  i.Tminiil.- a89  plMlriohor«».pow*ir. 

»ti<uni]>tl(m  of  stciim  jht  .'li'i'trUul  liorsc-fiower,  iii- 

cluilinj,'  ■■xrimtiiiii ., lll.J  pjundn. 

oinbirnil  i-tlli-iciiry 4«.7  prr  cent. 

2;"!.  Tile  ethcioney  obtained  could  have  been  much  improved  hv 
'CR'nsing  to  a  slight  extent  the  dimensions  of  the  turbine  which 
a<l  only  twelve  moving  wlicels,  but  even  now  it  i»  comparable  with 
irliine  sets  of  the  siime  jiower  of  other  type,-*.  Three  siimilar  set* 
"orking  with  superheated  strain  are  now  being  oonstnieted  for 
>e  factories  of  I'aviii  di'  T.afiirgc  at  Teil  (Ardeche).  The  results 
»iaranli-ed  by  th.-  Tiiiilin--:  iin-  aw  follows: 

'»wsute  of  Hd'Hin  on  iiiliiit-i'^iiiii  i<i  ilip  turUtnn IM  pound*. 

■(■U11I1.  in  III.'  r.incli-iif«T a«  tticliw, 

Vm|K' ratlin-  i.f  llic  sli'iuii .- 870  ifgnniC. 

"nBimipiiim  i>f  Micam  ]»T.'lictririil  liiirs.'-|HiivcT  al  lW trrubulil, 
inclucliriK.'X.'Uiition W  Twiunds. 

.MI  these  diffi'rcm  iii;icliiiir-i  urc  titled  ivitii  ejector  condensers. 
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20.  \  iiiacliinc  of  2,000  kilowatts  at  1,Q00  reTolntioiis  per dul- 
iitc  would  have  a  turbine  eflS,ciency  of  68  per  cent,  whi^  vonld 
cnalilc  tlic  following  guarantee  to  be  given,  asBuming  tlie  at 
of  suiM-rlicated  steam  and  the  condenser  giving  a  very  f/ni 
vacuum,  wliicli  it  is  easy  to  obtaia  with  steam  turbines  in  vliict 
there  is  no  entrance  for  the  air : — 

PrcsKurc  of  steam  on  ailmiEsion  to  tlie  tnrbioe MD  faufk. 

Vacuum  in  Ili<>  condt-iiscr UiaAa. 

TemptTatuTO  of  tlie  steam SaOF. 

('oil  sum  pi  ion  oF  stcaiu  per  boise-poo'er  liour  upoo  the  abaft  of 

llie  liirliine 8,5  fonk. 

CoDsumjiiiou  of  steam  per  kw.  hour  »t  the  tbrmioala U.S  poudik 

This  id  a  far  better  resxilt,  we  believe,  than  can  be  giTabf 
reciprocating  engines,  and  this  can  be  obtained  with  steam  tnibiKi 
under  the  conditions  specified. 


Fio.  au«,— 400  Electbcc 


•J7.  Tiii-J'iiK!'  fur  Vi-siifls. — The  author  read  a  paper  on  the  MA 
of  March  hist  in  I.nmlon  before  the  meeting  of  the  lostitntioBirf 
Xavnl  AnlLitects  ii]>i.ii  the  ajtplication  of  steam  turbincB  t»  tt 
lirufiiUioii  <•{  visf^el-i.  He  tlien  described  the  difficulties  lAiA 
(ii'ciir  in  the  iipiilicatiHU  nf  turbines  to  the  propulsion  of  yewdi 

(1)  TIlc  dirticiiltv  f.f  adapting  screw  propellers  to  tlie  iiig^ 

ppcfiU  of  rotation  nf  tlio  tiirbiiics. 

(2)  The  poor  efticien<'y  of  turbines  at  low  velocity. 
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(3)  The  inconvenience  of  the  combination  in  stopping  and 
proaching  quays. 

28.  The  author  believes  that  the  best  solution  will  be  reached  in 
&  employment  of  a  reciprocating  engine  of  small  power  and  of 
(am  turbines  coupled  to  independent  shafts  so  that  the  recipro- 
ting  engine  would  always  be  working  at  any  speed  of  the  vessel. 
len  each  type  of  machine  would  be  perfectly  adapted  to  the  part 
lich  it  has  to  play  and  excellent  results  in  consumption  of  fuel 
»uld  be  obtained  at  all  speeds.  The  author  gives  below  a  short 
?ount  of  the  actual  results  obtained  by  turbines  in  the  propul- 
n  of  vessels. 

21).  Torpedo  Boat  243. — The  equipment  of  the  French  torpedo 
at  No.  243  with  steam  turbines  was  decided  upon  several  years 
>,  in  1898.  The  French  Admiralty  wished  at  that  time  to  make 
>erimeiits  upon  turbines  and  upon  the  working  of  multiple 
spellers.  In  order  to  reduce  the  costs  of  this  experiment  as  far 
possible  it  was  thought  desirable  to  make  use  of  the  hull  of  an 
inary  torpedo  boat,  but  great  diflSculty  was  found  in  making 
Di  for  the  turbines,  and  moreover  the  propeller  shafts  were 
2ed  very  high  at  the  turbine  end  and  were  necessarily  con- 
»rably  inclined;  in  this  case  to  11  per  cent,  from  the  horizontal. 
>  back  supports  had  to  be  considerably  increased^  and  there- 
I  the  total  resistance  of  the  boat  was  much  greater.  All  these 
ditions  are  extremely  unfavorable  and  the  screws  fixed  upon 
inclined  shafts  gave  a  very  bad  efficiency.  The  two  turbines, 
Ift  of  a  nominal  output  of  000  horse-power,  are  completely 
^pendent  of  eabh  other.  They  are  provided  on  the  exhaust  side 
It  a  single  moving  wheel  for  movement  in  a  reverse  direction. 
the  experiment  was  solely  made  to  see  if  the  installation  of 
bines  with  propellers  of  small  diameter  was  suitable  for  pro- 
ting  in  a  vessel  a  speed  comparable  to  that  given  by  a  recipro- 
ing  engine,  the  backward  movement  of  the  turbine  was  will- 
;ly  sacrificed.  Yi^ry  careful  experiments  have  been  made  with 
8  machinery,  and  it  will  hv  seen  from  the  table  given  below 
it  a  speed  of  21  knots  has  Ix^en  attained.  It  is  quite  certain 
at  if  the  shafts  had  not  been  set  at  such  a  great  inclination  a 
eed  of  24  knots  would  easily  have  been  exceeded,  for  the  tur- 
nes  gave  an  output  somewhat  higher  than  was  expected. 
30.  The  turbines  workc^d  in  a  most  satisfactory  manner,  aa  is 
•oved  from  the  numerous  reports  of  the  trials  made  under  the 
mtrol  of  the  Engineers  of  the  French  Navy. 
02 
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31.  A  Vessel  Built  by  Messrs.  Yarrow  <6  Co. — ^The  vessel  of 
Messrs.  Yarrow  &  Co.  is  similar  to  torpedo  boats  of  the  first  cks 
usually  constructed  by  this  firm  and  similar^  with  the  exception  of 
the  turbines  and  propellers,  to  the  "  Tarantula  "  upon  which  Pw- 
sons  turbines  are  used.  The  boat  is  of  140  tons  burden,  and  is  pro- 
vided with  three  propeller  shafts  driven  simultaneously  and  sepa- 
rately by  a  turbine  divided  into  two  portions,  and  a  reciprocating 
engine.  This  latter  engine  develops  250  brake  horse-power  and 
drives  a  central  shaft  which  is  completely  independent  of  tie 
turbines.  The  side  shafts  are  driven  by  a  turbine  in  two  parts, 
arranged  in  series  and  rotating  in  opposite  directions.    The  re 


TABLE  II. 
T()HPKix>  Boat  No.  243.     Trials  op  January  22,  1908. 

Six  Propellere :   Diam.,  3S.6  in.;   Pilch,  19.7  in. 


Number  of  Trial. 


Speed   of   vessel   (mean   of    three   runs)' 

knots.; 

Rotation  of  turbines revs,  per  min. 

Effective  })ressure  of  steam  on  admission, 

to  turl)ines Jbs.  per  sq.  in. 

Condenser  vacuum ins 

Mean  slip  of  proj)ellers 


I. 

II. 
19  59 

III. 

17.07 

1 
20.94 

1,348 

1,572 

1.748 

e8.26 

100.98 

129.42 

28 

28 

27 

0.217 

0.230 

0.260, 

IV. 


21. ?« 
1,h4 


ciprocating  engine  was  used  by  us  in  order  to  obtain  a  yAofsXJ 
of  10  to  14  knots  in  the  best  conditions  of  consumption  of  cotl, 
and  so  that  movement  astern  might  be  easily  effected.  Theabow 
combination  adopted  by  Messrs.  Yarrow  &  Co.  has  given  w« 
expected  results ;  but  it  is  not  the  only  possible  design,  and  the 
autlior  thinks  tliat  it  would  have  been  even  more  advantagwB 
to  ai-range  the  driving  mechanism  so  that  the  reciprocating engB* 
instead  of  allowing  its  exhaust  to  escape  directly  to  the  condensff 
should  ])ass  it  into  the  turbine  at  low  pressure  and  perf^ 
even  into  tli(^  turbine;  at  high  pressure  during  a  slow  spew 
run.  The  turbine  of  the  Yarrow  boat  can  develop  more  tw* 
lJjOOO  liorse-power.  The  high-pressure  portion  is  represented  U 
loiiiiiludinal  x'ction  in  Fig.  :5t)7.  At  the  points  where  ^^^ 
-liafr  ])as.<('s  tlirouiili  the  frame  tightness  is  ohtain^l  '? 
system  of  s])ecial  packing,  the  same  as  that  employed  npon  ^ 
turbines.  A  special  governor  assures  constant  pressure  npo^ 
four  packings  so  as  to  prevent  all  entrance  of  air,  and  owing 
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this  arrangement  it  is  quite  easy  to  obtain  an  excellent  vacuum 
in  the  condenser.  Several  tests  were  made  upon  this  vessel  be- 
tween the  13th  October,  1903,  when  it  first  went  out  and  the 
present  date.  The  table  of  experiments  made  on  the  19th  Janu- 
ary, 1904,  after  the  propellers  had  been  improved  is  given  below. 
The  speed  of  25  knots  which  had  been  attained  in  the  first  trial 
of  the  boat  has  been  increased  to  26.39  knots  by  giving  to  the 
turbines  a  little  more  than  the  quantity  of  steam  for  which  they 
were  designed. 

TABLE  III. 
Mksbrs.  Yarrow  &  Co.'s  Torpedo  Boat.     Trials  of  January  19,1901. 


Number  of  Trial. 


Effective  pressure  of  steam  on  admission  to  H.P. 
turbine lbs.  per  sq.  in. 

Condenser  vacuum inches. 

Speed  of  vessel  (two  runs) knots.  •] 

Mean  speed  of  vessel knots. 

Hotation  of  reciprocating  engine .. revs,  permin. 

Rotation  of  H.P.  turbine revs,  per  min. 

Hotation  of  L. P.  turbine revs,  per  min. 

i  Reciprocating  engine,  per  cent. 

Slii>of  ])ropellors  -  H.P.  turbine percent. 

(  L.P.  turbine percent. 


HI. 


150 

27 

23.22 
26.67 
24.94 

555 
1.207 
1,233 

17 

16.4 

27.8 


lY. 


P 


25.:u 

27.06: 

576 
1,2a 
1,30; 

15.8 

14.8 
27.8 


o'2.  Tho  propeller  shafts  were  for  this  test  each  fitted  withtvo 
})ropellers.     Tlic  author's  opinion  on  this  subject  is  that  then* 
of  a  single  ])ropeller  upon  the  same  shaft  is  certainly  likely  to gi^ 
a  bet  t(M'  elileiency.    The  arrangement  of  propellers,  one  in  frontoi 
the  otlier  is  defeetive.    The  aft  propeller  works  in  the  movingtul 
wAiov  fiom  the  former.    It  is  certain  that  the  speed  of  26.4knote 
(*aii  l>e  btill  further  improved  and  will  become  equal  or  even  hip' 
tliaii  tlie  uiaxinnini  sj)eed  given  by  reciprocating  engines.   Theu* 
of  a  single  propeller  for  each  shaft  necessitates  a  peripheral  di*"*- 
eter  greater  than  the  piteh  in  order  to  obtain  sufficient  propol^^ 
surface.     Under  sueh  conditions  the  efficiency  can  never  be  good 
unless  the  inclination  of  the  shafts  to  the  horiontal  is  very  slight' 
In  spite  of  tliis  it<  is  ]>rol)ahle  that  the  efficiency  of  these  propellef^ 
with  a  relatively  small  pitch  is  distinctly  less  than  that  of  ordin*? 
])roj)e]lers.     Fortunately^  this  inferiority  can  be  compensated  t)V 
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fact  that  the  efficiency  of  well-designed  turbines  is  a  little 
her  than  that  of  the  reciprocating  engines  used  on  board  ship. 
J3.  Turbine-Driven  Pumps. — The  application  of  steam  turbines 

the  purpose  of  direct  driving  of  centrifugal  pumps  enables 
3t  remarkable  results  to  be  obtained  and  particularly  renders 
sible  height  of  lifts  much  greater  than  those  which  are  at  pres- 

obtaincd.  It  is  well  known  that  the  pressure  produced  by  the 
3el  of  a  centrifugal  pump  increases  directly  as  the  square  of  the, 
ipheral  speed,  and  therefore  with  the  velocity  produced  by 
im  turbines  it  becomes  possible  with  a  single  wheel  to  raise 
je  volumes  of  water  to  heights  of  more  than  900  feet  in  a  single 
.  The  author,  in  the  "  Rapport  au  Congres  de  Mecanique,"  in 
)0  published  the  drawing  of  a  turbo-pump  of  only  one  wheel 
ibling  the  attainment  of  a  head  of  700  feet  and  developing 
iseful  power  of  more  than  40  horse-power.  The  test  of  this 
np  and  its  driving  turbine,  made  in  1900,  was  published  in 
ntilateurs  et  Pomps  Centrifuges  a  Haute  Pression,"  1902, 
it  is  desired  to  obtain  either  greater  pressures  or  to  obtain 
)  sanie  results  with  relatively  lower  speeds  it  is  sufficient  to 
iplo  steam  turbines  with  pumps  consisting  of  several  similar 
eels  arranged  in  series  so  that  each  one  increases  by  an  equal 
antity  the  pressure  already  given  by  the  preceding  wheels, 
e  author  has  himself  designed  a  particular  type  of  multi-cellular 
itrif  ugal  pumps.  These  machines  are  designed  upon  the  general 
as  set  forth  in  a  memoir  which  he  published  in  1892  in  the 
JuUctin  de  la  Societe  de  I'lndustrio  Minerale."  The  principid 
ults  of  the  general  theories  established  at  that  time  were  further 
'elop(>(l  in  the  **  Treatise  on  Turbo  Machines,"  which  appeared  in 
>7-ll)()(),  in  which  the  author  showed  their  application  to  hydrau- 
turbines,  pumps,  and  centrifugal  fans.  From  a  practical  point 
view,  by  combining  the  advantage  of  high  velocities  of  rota- 
1  with  the  advantage  obtained  by  putting  the  wheels  in  series, 
vould  be  quite  easy  to  deliver  to  heights  greater  than  1,500 
t.  Some  notes  upon  this  subject  were  given  in  a  communication 
J<*  in  1J)02  to  the  *SSociete  d'Encouragement  pour  I'Industrie 
•ionale."  At  that  time  a  considerable  number  of  turbine- 
'on  pumps  had  been  manufactured  by  Messrs.  Sautter-Harl& 
'ti-cellular  turbine  pumps  fonn  very  light  sets,  which  are  com- 
*  and  extremely  simple.    Their  maintenance  is  very  low  for 

Wear  is  almost  nil  and  the  cost  of  lubricating  oil  extremely 
11.    In  the  examples  referred  to  below  it  will  be  seen  that  the 
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consumptioim  of  steam  per  brako  borsc-powor  in  water  niiel  U^| 
comparable  with  those  of  good  piston  pmniw.  ^M 

34.  Turbine-Driven  Pvmp  at  Falkeiiau  (Htihemia). — The  Gi^H 
niachme  of  this  kind  which  was  m&iic  was  delivered  to  tht  Bl^H 
of  Fnlkenau  in  Bohemia.  Ttiia  apparatita  conflislcd  fif  a  <iin^| 
bedplato  upon  which  were  monnted  a  steam  turbine  vnik  mvlla^H 
whceU  enclosed  in  the  same  casing,  and  a  pump  with  fonr  '^'I^H 
also  mounted  in  a  emuh  case.  The  rcgiulution  a{  spued  m  ^H 
tainiid  by  a  centrifugal  govurnor  iirrsug*^^  in  tho  baa  of  I^H 
principal  bi^^rin^,  t'i^.  'M>S.  Thf.  iiibricution  uf  tbt'  tmi  bnil^H 
of  the  shaft  on  the  pump  side  wag  effected  hy  mecm  of  a  Sl^l 
hydranlic  Servo  motor.  A  compenaatitig  platon  enftbl<^l  ttwt  loagfl 
tudinal  thrust  received  by  the  moving  part  of  »  pump  lo  !«  q^| 
acUy  counterbalanced.  Tliif)  Uirusfc  i»,  moreover,  inomsidenliS 
owing  to  thfi  special  arrangement  adopted  for  Uio  whcds  of  till 
pump.  Condensation  of  the  steam  is  effected  by  niiwnt  of  u  J 
ftjectoi--Gondenser  on  thv.  system  designed  by  the  author.  The  i*-  1 
BuUjt  obtained  in  the  difiereut  tefltjj  of  this  set  may  be  ahurtW  at 
forth  aa  follows :  i 

TABI-E  IV. 

Admission  pressure  o!  etEuiu  /', 

llw,  por  Kj.  In.  82.5      01.»      IH.S     tfT.J      IM 
Eilinnst  pressure  of  steam  p  (vit'.-uuin  31-8 

iu8. of  mercnrj) lbs.  per sij  in.    S.47      2.47      9.47      2.iT     IC 

ttevniiiiious  permiDDte 3I?5      3900      IiaM      auftl     tm 

TuUl  height  ralBed feet.     TSl         731         MS        Ul       M 

Dbcbargc  of  water gals,  per  mLn.     4(Ui        4&Z        Ul         8H      W 

Useful  work  in  water  nised Tl.P.      89     10T.8     IIQ.T     ISI.a    W.I 

Theoretical  coDsunipEion  of  sltum  per  H.P. 

hoiif lbs.      11       10.7       10.63    W.S       » 

Actaal   coDBUmption  of  Bttwm  per  UBt^ful 

e.P.  of  water  raised llwi.  W,«l     Xi.tr,     30. U      U.S     V.l 

Total   cinobioed  effioiency   of  llie   turl'lne 

pump 0.816  o.aiw  0  ao  o.sn  *■• 

It  appears  from  these  figiin'M  tliflt  it  ia  possible  with  'Ufi  •   I 
turbine-driven  pump  to  obtain  combined  efficdeomos  of  3S.i  p* 
cent.,  which  corresponds  to  an  ftBciencj  for  the  pump  of  fit  I"*" 
cent,  and  an  efficiency  for  the  turlanc  of  D5  per  cent 

35.  Tu,rl>o-Drlven  Pumps  at  Jimay. — A  more  powerful  iio** 
pump  has  been  made  and  delivered  rctrontly  lo  the  Mining  Co, 
of  Bniay,  in  the  Pas-de-Calais.    This  30t  can  nii^ti  050  gallow* 
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minute  to  a  height  of  1,200  feet.  The  complete  set  mounted  above 
a  small  tank  into  which  discharges  the  ejector-condenser,  which 
ia  used  for  condensing  steam,  and  from  which  is  taken  the  suction 
of  the  principal  pump.  At  the  end  of  the  shaft  is  a  small  pump, 
which  is  directly  coupled  to  the  turbine,  and  furnished  water  to 
tfie  ejector-condenser  at  a  pressure  equivalent  to  a  head  of  18 
to  30  feet.  The  results  obtained  with  this  pump  at  full  load  were 
ts  follows : — 

Diaehnrg^  In  gnHops  perminule 980  Kullone. 

ToUllifl  1,185  feet. 

Revolutions  prr  minute 2.200, 

Abaoliite  pressure  of  the  steam  on  sdmlMioB  lo  the 

tnrblne Kll  poDnds. 

AlMolDte  liacti  giri^ssure  ai  the  exbaust 1.G1  poands. 

Power  in  water  raised 3S9  liors«-power. 

Consumption  of  Htcani  per  horse-power  liour  in  water 

raised 22  7  iwiimls. 

Total  net  elBciency i'i.Ti  per  tent. 


an.  It  will  ]»■  olwi-vcc!  ihnt  the  total  '■tfic-icnov  of  this  »ct  is  very 
high,  altaiiiiii^'  to  4-2. :•  per  cent.  It  will  be  poinicd  out  hereaflep 
what  a  slightly  impnivril  efficiency  denoten  in  couHumptujn  of 
steam  when  higli  pn'ssurcs  of  slenm  can  be  need.  One  of  the  chief 
advantages  of  tnrho  pumps,  besides  their  t:iccellcat  efficiency,  is 
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tlur  extremely  small  floor  space  which  they  occupy  when  compin 
wirli  piston  pumps.  Their  dimcDsions  are  verj-  small,  and  die 
I'lM [iiiro  very  little  height,  so  that  they  can  be  placed  in  ana 
wliicli  iias  no  greater  dimensions  than  that  of  an  ordinaiy  mil 
in;;  yiillerv  in  a  ])it.  In  Fiif.  -lilU  are  shown  the  comparative <l 
iiiiii-ii.n-  i.f  tin'  chiiiiilifr  in  tlu^  mine  necessary  to  accommodi' 
ilic  tiHl")  puiiii)  wliidi  wo  have  just  defcribed,  and  of  a  chunix 
THrr"^-.;iiy  to  ii(rc(iiiinio(];ite  a  piston  pump  of  thp  same  poirer.  Tl 
enl)ie  vulunie  of  the  masonrj'  work  is  approximately  in  the  p 
])orti'm  fif  1  to  10. 

37.  Turbo  Pumps  for  Boiler-Feed  Purposes. — This  din  < 
piiinp  can  be  used  rery  readily  for  feeding  steam  boilen,  u 
^icvenil  such  sets  have  already  been  constructed.  When  tke 
is  ii  En'oiT]!  of  fjienerators  of  the  same  size,  a  turbo  pump  can  ed 
eaiTv  out  the  whole  feed  service  with  a  consumption  of  ita 
iiHK'h  le^s  than  that  of  the  small  feed  pumps  UBUslly  emplqji 
AVI]i]<t  ordinarj'  reciprocating  pumps  consume  from  160  tol 
I>oinn.U  <if  steam  per  brake  horse-power  in  water  moved,  tiutl 


jmnip  fnr  boiler-feed  sei^ice  will  not  usually  require  v,...-.^ 
40  to  110  jvoundri  per  brake  horse-power.  An  auiomatic  sy 
of  c-ontrril  has  been  designed  by  the  author  which  enables  tiM 
jiat'attis  to  work  nutomatieally  in  a  continuous  manner  eveni 
the  (k'Kiiind  falls  1o  zero.  The  work  of  the  stoker,  so  far  u 
fi-ed  scrvii-f  is  eoucerned,  consists  simply  in  opening  the  feed  i 
Id  llii'  ni'<'c-;siirv  niiiouut. 

'■iS.  Tiirho  I'lniij/'i  of  JMvgc  Outpvi  for  Raising  Water  in  Ti 
— Turbo  pumps,  butli  from  the  point  of  view  of  efficiency 
tiNo  fif  ease  in  working,  are  particularly  suitable  for  raising  ^ 
into  ri-s<-iviiii-s  f.ir  the  service  of  towns.  The  following  fignn 
dii-ati'  rcsiills  which  ran  be  iilitaine<l  with  this  class  of  loai 
in  similar  conditions  to  those  that  exist  in  large  towns. 
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ITWT  (n  gnllons  per  minuie ii.SOO. 

f;bi  10  which  tlip  ivntf  r  is  raised 40(1  fed. 

aal  hofi^.powor  in  wnler  raiseil 730  licmi'-iHiwur, 

ttblnnl  effldeiiL'7  tui^ludiugruDiipiisiilIni] 46  |x'rreDt. 

wore  nr  Htsam  in  poaoils  per  square  inch  210, 

mun  at  the  exhaust 3>t  inrhrs. 

jM'liKit  ia  the  Htmrn 101)  cipjjwes. 

tsnniptlun  of  WeBtn  por  Imrse-jiowiTlinur  iu  walcr 

idled 15  pontids. 

It  will  be  observeJ  that  tlie  system  dc8crib*'il  is  qiiilc  jis  i-lticiciit 
tbc  best  pifiton  pimij-B  now  employed. 


'I'lnl"!  /'".n-v. — 'I'll.'  grriit  iiiij;iiliir  vclot-ity  of  ch-Biii  tlirbilics 
I  tlirni  imniniliirlv  ^uiiiiblc  f(ir  tlip  tlirt'pt  driving  of  fniu 
lib  [irehwui'i'  iHrd  I'rir  blowiii);  fnginoa  mid  evun  for  air  com- 
f.  Tb<>  aiitli'.r  b:i-  iilvt'iidv  ib-scriWd  in  bis  work  cnlitlod 
1  nii'l  ('fi!(rifu>r;il  l'iiin]ic  fur  Ilisb-Pn'ssiirci* "  inserted  in 
•Biill.'liii    Ai-     I.ii     S.M-i.'t.'    lb-    rimliist™     MiniTub-,"    i>f 

mill  bus  jiivi'ii  lucTir-nliiix  nf  nctiiftl  rMiilt*  nbtiiined 
ji     iuHm,    fun    \^illi    :i    n'Vnlvii.K    wbcel    of    10    iiu-lics    iu 
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diameter.  With  an  angular  velocity  of  20,200  reyolutioiu 
minute,  this  fan  discharged  22.5  cubic  feet  of  air  per  se 
under  a  pressure  of  19  feet  of  water.  The  useful  work  oonti 
in  this  compressed  air  was  about  41  horse-power,  and  the  eoml 
efficiency  of  the  group  30.7  per  cent.  The  pressure  of  the  si 
on  admission  to  the  turbine  was  145  pounds  per  square  i 
Since  that  time  the  system  described  has  been  improved,  ai 
certain  number  of  these  apparatus  have  been  built  for  diffe 
purposes.  Several  are  used  in  sugar  refineries  for  the  Gompres 
of  air  charged  with  carbonic  acid  extracted  from  the  lime  form 
and  requiring  to  be  sent  into  the  decarbonizing  vats.  A  «p( 
system  of  regulation  enables  the  pressure  of  discharge  to  be  1 
coiLstant  whatever  may  be  the  volume  of  discharge,  and  on 
contrary  to  maintain  a  constant  discharge  whatever  may  be 
j>r(vssurc.  The  sot,  which  is  shown  in  perspective  in  Fig.  ■ 
is  actually  at  work  in  the  forges  of  Chatillon  et  Commei 
and  is  u.scd  for  blownng  a  blast  furnace.  The  set  consists  of 
fans  arranged  in  parallel  and  each  driven  by  one  turbine 
two  tiirl)iiics  arc  placed  in  series)  and  the  apparatus  will  discli 
80  r-ubic  feet  of  air  per  second  under  a  pressure  of  10  inche 
mercury.  The  energy  in  the  compressed  air  rises  as  high  a3 
liors('-])ower.  The  moving  wheels  of  the  fans  and  of  the  turb 
arc  only  11.2  inches  in  diameter,  and  the  Table  5  gives  anabst 
of  the  results  of  trials  to  which  the  apparatus  was  submitted 


TABLE  V. 
Turbo  Fan  at  Commektrt.    August  6-8,  1908. 


Orificf.         per 

Minute. 


sq.  ins. 
19.1 

22 . 3 

27. H 


\ 


15,200 
15.700 
14.600 
15,200 
15,800 
14.300 
14,900 


1*UK»HUKK  OF  StKASI 
ABsOM'TE. 


A(lmi»!<ioii. 


c 
o 


K.xhaiiiit.    '  -^w 

I   <  eS 


fit 

8^ 


lbs.  per 
eq.  111. 

lbs.  per 

sq.  in. 

118.8 

4.53 

128.0 

4.80 

113.8 

4.92 

128.0 

5.32 

142.2 

5.68 

113.8 

4.44 

128.0 

1 

4.80 

1 

Feet  of 
water. 

10.00 
11.61 
9.0 
9.90 
11.0 
7.55 
8.25 


lbs.  per 
hour. 

8037 
8408 
8087 
3408 
8760 
8087 
8408 


I 


Cable  feet 
per  sec 

91.4  ^260.4,  ,. 

93.0  '299.5  m.l 

99  )  256.9    93.2 

108  1 289.6  106.SS 

107.5  ,827.S  m.M 
114  261.8:91.08, 

117.6  .299.5 1 108.41, 


40.  It  will  be  seen  from  this  table  that  the  combined  effiaei 
of  the  apparatus  reaches  the  remarkable  figure  of  38  perci 
Similar  apparatus  of  larger  dimensions  can  be  built,  ando 
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it  replace  advantageously  the  large  blowing  engioes  uaed  for 
furnaci's.  One  iiiii>ortant  charaotcrislic  of  these  sets  is  their 
jkably  small  dimensions,  and  they  can  be  put  down  at  an 
DSo  whicli  is  very  small  in  comparison  to  large  piston  blow- 
ingines.  By  coupling  several  wheels  of  centrifugal  fans,  as 
Qople  the  wheels  of  multi-cellular  pumps,  mnch  higher  preas- 
of  air  can  bo  obtained.  In  a  few  months  we  shall  finish  the 
miction  of  a  centrifugal  turbine  compressor  of  350  horse- 
■t  capable  of  delivei-ing  compressed  air  at  a  pressure  of  90 
da  per  square  inch.  This  apparatus  will  be  driven  by  a  low- 
lUre  turbine  using  the  exhaust  steam  from  a  winding  engine 
in  A  pit.  Tlic  turbini?  haa  as  a  stand-by  ji  hi}j;li-pretisiire  tur- 
BO  ae  to  ensure  economical  working  during  the  lime  when  the 
iug  engine  is  out  of  use.  This  special  branch  of  the  applica- 
of  steam  turbines  to  air-compression  has,  in  our  opinion,  a 
!  future,  not  only  for  work  in  mines,  but  also  in  metallurgy, 
■e  blowing  engines  of  all  kinds  for  blast  furnaces  and  for 
tuyeres  of  ateel  works  may  be  replaced  by  the  centrifugal 
lines  of  a  inucb  simpler  and  smaller  character,  coating  far 
ind  requiring  less  repair^  than  the  pn-.^cnt  pi.ston  i-njllufs. 
.  Turbines  for  Low  Pressure  with  Steam  Accumulators* — 
of  the  most  interesting  and  promising  applicationa  of 
a  turbint-e  is  the  employment  of  steam  at  low  pressure,  aud 
cularly  exhaust  steam  coming  from  engines  working  inter- 
•ntly,  Thiw  last  clasw  fif  cn^iHCri,  which  are,  of  cunriie,  usii- 
omployod  in  installations  for  tlio  working  of  minerals  or  for 
ig  mills  and  pile  drivers,  has  not  until  recently  been  able  to 
fit.  Iiy  the  same  ailvautaK'^s  a*  i^  Ihc  caMc  with  oupim's  w<irkiug 
inuously,  and  this  is  owing  to  the  epocial  difficulties  in  the 
ieation  of  condousiug  plant,  multiple  expansion,  and  super- 
ing  to  mich  engine;'.  The  itnijoi-ity  of  sneh  engini's  discharji^e 
ucbaust  freely  into  tlie  air,  and  the  quantity  of  steam  whinh 
M  loBt  is  cOTsiderable,  The  author  has  given  special  attention 
n>  interesting  priihlriii  «{  the  I'lnploymcnt  nf  hucIi  waste  strain, 
be  haa  obtained  satisfactory  results  by  meana  of  his  rogoucr* 
>  Bccumulator  of  steam,  combined  with  turbines  nt  low  pr«B> 
1  ■which  are  themselves  coupled  directly  to  dyiiumo»,  eontrifu- 
loiopa,  or  fans.  The  regenerative  accumulator  is  intended  to 
llt«  the  intermittent  flow  of  steam  before  it  pa.'utes  to  the 
ine,  and  it  confiists  oasontially  of  a  vessel  containing  solid  and 
•  rrocccdiu^,  1801.  r»ee  0i6. 
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liquid  matorials  which  play  the  part  of  a  fly-wheel  for  heat  The 
stoani  collects  and  is  condensed  as  it  arrives  in  large  quantities 
in  the  apparatus,  and  is  again  vaporized  during  the  time  when  the 
cxlianst  of  tlic  ])rinci])al  engine  diminishes  or  ceases.    The  dci^ 
essarv  variations  for  condensation  and  regeneration  of  the  steam 
corresj)ond  to  flnctnations  in  pressure  in  the  accumulator,  this 
j^ressure  rising  when  the  apparatus  is  being  filled  and  descending 
wlicn  it  is  iliscliiirainir  into  the  turbine.    Water  which  has  a  verv 
high  calorific  capacity  has  been  used  as  a  heat  fly-wheel,  but  in 
ord(»r  to  raj)idly  communicate  to  a  liquid  mass  a  considerable  quan- 
tity of  heat  corresponding  to  the  latent  heat  of  steam  to  be  eon- 
drilled  it  becomes  necessary,  owing  to  the"  poor  conductivity  n{ 
water,  either  to  arrange  it  in  thin  layers  or  to  cause  a  rapid  cir- 
culation in  order  to  increase  the  surface  of  contact  between  the 
steam  and  the  Avater  itself.     The  first  solution  of  the  problem 
gave  rise  to  the  accumulator  with  flat  cast-iron  trays  in  which  water 
i<   containcil   in   shallow  vessels  arranged  one  above  the  other, 
V\ii\    HM.     Hie  second  solution  of  the  problom  gave  rise  to  ;h«^ 
ju-enmulator  with  water  only  in  which  a  rapid  circulation  was 
]ti'..di]('<Ml  by  tlie  injection  of  steam  into  the  body  of  the  liqui-l 
Ii-<  lt\   Kia".  'U)'2.     The  low  pressure  turbine,  fed  by  the  T(p\\-^^ 
ilnw    wliicli    eoiues    from    the    accumulator,    and    working,  f'»r 
exaiiiple,  between  an  admission  pressure  of  15  pounds  per  square 
iii'-li  :!iid  ;i  vneiiinn  at  tlie  condenser  of  27  inches  of  mercury  (ba«'5 
pie-s^nic  of  1.0  pounds)  can  furnish  an  electric  horse-power  for 
111  "nut  '*  1  i^oiinds  of  steam  per  hour.    In  a  moderate  sized  pit,  c(Hi- 
-iinilni;'  1.'5,00()  pounds  of  steam  per  hour,  it  is,  theref ore,  pos* 
-i''!''  i«»  ee<.n(.ini/e  under  these  conditions  about  350  electric  horse- 
iH.\v<  r.    In  steel  works,  where  reversible  steam  rolls  are  employed 
.'.  MMuiiini:  rdxMit  45,000  pounds  of  steam  per  hour,  it  will  be  easy 
!■'  -li'v  (■!•)}).  l.\   iiiriins  of  aeeunmlators  and  turbines,  an  extra  out- 
}.;i!  .•('  nv«T  1 ,100  eleetric  liorsc-power.    It  is  desirable  to  mention 
;:;.it  ilir  j.iinio  movers  are  in  no  way  injuriously  aflFected  in  their 
v^'ikiiii-  I'.v  ;ii.'  |H'( -(iHM'  of  tli(>  accumulator  and  turbines.   Tlu? 
iii.ilif.i  w-w  ;i]>i>!i<'<]  for  the  first  time  at  Bruay,  and  the  installation 
Ui\<  v.'orkcd  nin-t.  satisfactorily  since  August,  1902,  when  it  was 
\\v<\.  put  into  !]>('.     Tlie  exhaust  steam  from,  a  winding  engine 
i-   rli>t    of  :ill   tieafed  bv  an  accumulator  with  cast-iron  trays, 
jiiid  iIkii  ])iis-e-;  to  ji  low-prcssuro  turbine  of  300  horse-power, 
w]  lie  1 1  it-elf  drives  two  dynamos  keyed  upon  the  same  shaft;  this 
iii'oiip  i-  -liowii  ill  V'vj:.  lo:).     A  particular  feature  of  this  typeoi 
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allatioii  is  the  "  Automatic  Expander/'  which  cornea  into  nse 
;n  the  winding  engine  is  not  giving  sufficient  steam,  and  also 
•n  this  engine  is  not  worMng.  This  apparatus  then  permits  the 
lission  to  the  turbine  of  live  steam  which  is  passed  from  the 
ers  through  reducing  valves;  this  expander  can  be  adjusted 
means  of  a  spring,  and  comes  into  use  as  soon  as  the  pressure 
3  below  a  pre-determined  point, 

2.  Table  G  gives  the  results  of  tests  made  upon  this  set 
April,  1002,  and  January,  1!103.  Xumerous  similar  tests 
e  been  made  at  different  times  since  the  apparatus  was  first 
■tcil,  and  Fig.  4li4  enables  a  cciinpfiri^in  tti  bL>  made  ln-tvi'i-n  ihc 
jiencies  which  were  calculated  from  the  results  obtained  in 
rU,  1002,  January,  1903,  and  Koveraber,  1903. 
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43.  It  will  be  noted  from  this  table  tbat  although  the  testa  of 
November  1903  were  made  with  an  output  much  lower  than  the 
normal  output  of  the  turbine  and  for  a  part  of  the  curve  in  which 
the  efficiency  varies  rapidly,  the  mean  point  which  the^e  testa 
graphically  represent  is  very  distinctly  higher  than  the  curve  of 
1002.     The  combined  efficiency  of  the  turbo-electric  group  has, 
therefore,  been  maintained  at  an  excellent  value  since  the  set  was 
first  put  into  use.     When,  as  at  Brnay,  the  low-pressure  turbine 

1 

mS 

1 
J 

I 

Fig.  403.— Low  PBKfiauRB  Turbine  Dbivimo  two  Dynauob  (Urvw  Collkriee.) 

is  fed  with  expanded  live  steam  during  the  tiiue  when  the  prime 
mover  is  at  rest,  the  consumption  of  steam  is  obviously  higher 
than  that  of  an  en^ne  working  at  the  full  pressure  of -the  boilers. 
If  the  demand  for  live  steam  is  only  made  during  a  relatively 
short  period,  the  slightly  higher  consumption  during  these  periods 
will  have  scarcely  any  influence  upon  t!ie  total  economy.     If  this 
is  not  the  case,  and,  on  the  contrary,  such  periods  are  of  consid- 
erable length  as  compared  to  that  during  which  exhaust  steam  ia 
used,  as,  for  example,  when  tlie  prime  mover  is  only  working  dur^ 
ing  the  day.  and  it  is  desired  to  have  a  regular  service  day  and 
night  from  the  secondary  set,  then  it  would  be  best  to  add  to  the 
low-pressure  turbine  a  high-pressnre  turbine  which,  during  the 
time  that  thr   prime  mover  is  not  working,  would  receive  live 
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Jam  at  boiler  pressure.  The  steam  passing  out  of  this  high- 
essure  turbine  would  pass  to  the  low-pressure  turbine,  which 
Htld  use  equally  well  either  the  steam  comiiig  from  the  accumu- 
or  or  the  exhaust  from  the  first  portion  of  the  turbine.  The 
misBiou  of  live  stoam  at  high  pressure  is,  moreover,  autoinati- 
iy  obtained  by  a  suitable  system  of  obturators  controlled  by  a 
led  regulator  on  the  one  hand  and  by  the  pressure  in  the  accumu- 
ar  on  the  other  hand.  Such  a  group  works  under  all  conditiona 
h  the  mammum  possible  economy  with  an  ordinary  vacuum, 
I  working  at  full  load  it  would  consume  only  18  pounds  of  steam 
'   electric   horse-power  hour  if  supplied   with   steam   at   110 
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Klo.  4tH.— f.nfiMlllBiiN  .in-  EKVliTKNrlKmlQOa  ANI>   llHl;!.) 

nnda  pressure,  and  it  would  consume  2B  to  30  pounds  of  st«am 
len  it  was  fed  by  exhaui^t  steam  at  atmoaphorio  prf3supe.  ThU 
Btcm  of  regulation  by  meutia  of  steam  accumulators  and  tuP- 
MS,  which  is  particularly  appliciiblt'  to  mines  and  Btt'cl  works, 
lablea  very  considerable  economy  to  be  effected.  Installations 
thia  nature  nro  now  in  conrse  of  erection  at  the  following 


W  Honw.powof  M  thn  Bi'lUnm'  Miiio  (lurliln*Mirlvoii  alr-iyimprpwrvr). 

W  llutw.iKiwi'r  Bl  the  Mines  of  Iteuiiiun  In  Spkin  (ciooirlc  genentlDi;  Wte). 

10  llun<!-]i»wt<r  Bt  tL«i  Donel*  .Siwl  Work*  («ilcclrie  gencirfttliitt  iil»ut>. 

W  llonw-ptiwiT  at  ttiB  AcicrifH  Ui'  P.M'imjttjn  »  l)aw>«Iilurf  ii'lHcltl'i  |C<'nfnitln|{ 

K%  the  author  showed  in  a  note  published  in  January,  11)04, 
the  "  Revue  Universello  dcs  Minw,"  tlii.i  system  offers  grcal 
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«a(lvantagos  when  there  already  exists  a  central  condensing  plant, 
and  tlie  l^ocnsgen  installation  is  being  carried  out  in  that  manner. 
44.  Conclusion. — There  is  no  need  to  insist  upon  the  well- 
known  advantage  in  turbines  resulting  from  their  absolutely  steady 
rotation,  but,  on  tlie  contrary,  the  enormous  speed  at  which  they 
iiiiKst  work  in  order  to  suit  the  velocity  of  flow  of  the  steam  is. 
in  many  cases,  a  serious  inconvenience,  particularly  in  the  appli- 
cation of  tlici  turbine  to  tlie  propulsion  of  vessels.  It  was  a  simi- 
lar disadvantage  for  a  considerable  time  in  the  driving  of  dpamos, 
but  now  it  is  ])ossible  to  construct  dynamos  for  very  high  speeds, 
and  these  can  be  coupled  to  steam  turbines  forming  light  and  in- 
expensive sots  which  take  up  little  room,  although  they  are  very 
powerful.  Such  sets  are  very  simple  and  are  very  easy  of  main- 
tenances Ijesidos  the  constant  value  of  the  turning  effort,  tie 
cliieF  a<lvantages  which  can  be  claimed  for  steam  turbines  may 
l)e  tlms  summarized:  very  low  consumption  of  steam,  particularly 
at.  small  loads.  From  this  point  of  view  they  are  notably  superior 
t<>  piston  engines  of  even  the  best-known  types.  Further  adian- 
ta.uvs  ai-e  the  small  floor  space  occupied  and  the  absence  of  expen- 
.-ive  f(»undation  work;  the  cost  of  oil  is  very  low,  particularly  for 
Mur  turhines^  which  have  oil  reservoirs  and  ring  lubrication  to  all 
tli(^  Ix^arinG""^.  The  oil  in  the  reservoirs  need  be  changed  only 
(»!ic(^  J!!  two  months,  and  it  is  not  thrown  out  by  the  rotating  parte, 
s n  1 1 1  { 1 1. 1 1 1  e  n  1  a c  1 1  i  n e r v  always  remains  clean.  With  steam  turbines 
iiMniieniai\v  or  even  permanent  overloads  are  very  easy  to  dwl 
wiili.  It  is  ev(ML  (jnite  possible  to  have  overloads  of  more  than 
:.<•  per  (Milt,  liiiilu  r  than  the  normal  load.  The  regulation  of.speed 
\\\  -tr.iiii  tni'Mnes  is  carried  out  in  a  more  perfect  manner  thanw 
p..-.Ml»le  lor  ])ision  engines,  and  this  is  due,  on  the  one  hand, to 
•he  .il»<(»liite  eon.-iancv  of  the  turning  effort,  and,  on  the  other  part, 
i<.  ili<'  <:!<  at  kinetic  energy  acciunulated  in  the  revolving  part?. 
'I'lii-  List  eliaracteristic  ]nakos  the  machines  very  insensible  to 
\ariaii''n^  in  loud.  'J'lie  full  load  maybe  taken  off  and  put  on  again 
wiiiionl  eaiHinu"  a  variation  in  speed  of  more  than  2  to  3  percent 
Wlicn  ('(»ii].J('(l  t(.  dynamos,  fans  or  centrifugal  pumps,  steam 
mrhine-  rend'i*  ir  ])o-si])lo  to  obtain  surprising  results  owing  to 
ilirli'  ciipjilvility  of  giving  groat  power  at  very  high  speeds.  The 
aiitliur  lia-^  e<.nstructed  turbine-driven  fans,  giving  a  pressure  of 
7..")  j)(nnnU  per  .-^(juaro  inch,  and  turbine-driven  pumps  raismj 
\\;M«*!-  t<»  srvci-al  lnin<lreds  of  vards.  Such  sets  can  no  be  tnn^ 
to  devidop  several  tliousand  horse-jwwer,  compressing  air  to m^^^ 
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an  ftO  pounds  per  square  inch,  or  raising  water  to  more  than 
DOO  feet  high.  Turbines  are  able  to  use  to  perfect  advantage 
3tia  at  low  pressure,  for  they  have  an  efficioney  rising  in  value 

the  pressure  of  the  steam  becomes  Imver,  In  combination  with 
atm  accumulators  of  the  type  designfd  by  the  author  of  this 
■per,  turbines  permit  of  the  employitient  of  exhaust  steam  in 
Ige  quantities  produced  by  engines  woi-king  intermittently,  such 

winding  engines  and  engines  used  in  metallurgical  works.  In 
.6 preceding  Paper,  the  author  belie\os  that  be  has  given  typical 
Eimples  of  the  chief  applications  in  which  steam  turbines  arc 
riilable.  It  wiU  be  seen  that  their  firld  of  application  is  very 
ide,  and  it  is  certain  that  a  great  futiin-  is  iu  store  for  them. 


niscuasiON. 

Mr.  Francis  Hodgkinson.—In  Fig.  ;ilt.->  nml  Tal.h-  I.  rrofepsor 
iteau  has  given  us  a  few  details  of  some  teats.  He  exjireaaes 
i  efficiency  of  his  turbine  by  dividing  the  steam  cotuiiuuption 
an  ideal  eupine  by  the  consumption  actually  ubser^'ed. 
This  efficiency  is  undoubtedly  the  basis  ujwn  which  engine 
rformancos  may  best  be  compared,  but  I  rather  take  issue  with 
ofessor  Eateau  in  the  manner  he  haa  expressed  this  efticioucy 
'fractional  loads,  insomuch  that  he  appears  to  charge  his  ma- 
ine  with  the  heat  value  of  the  steam  ut  the  iiik'rnal  pressure 
the  cylinder,  after  it  has  been  re<]uwtl  by  the  governor  valve 
itead  of  the  pressure  in  the  Bteam  ]iipc  iidjiiceut  to  tho  throttle, 
may  he  in  error  in  this  assumption,  wince  no  readings  of  boiler 
essure  are  given. 

The  steam  on  being  wire-drawn  through  the  governor  valve 
om  presnniahly,  in  this  partieuhir  tost,  a  prwisurf  in  the  sleiim 
pe  of  about  156  poim.ls  to  tlie  fisure  he  has  given  of  46.21 
Hinds  at  one  quarter  load,  would  do  much  work  in  Uhc  way 
supcrlieating,  such  that  the  efficiency  %urw  quoted  would  Iwi 
iturally  unfairly  high. 

I  would  calculate  the  efficiency  at  one  quarter  load  to  bo  abonl 
*-2  per  cent,  instead  of  "il  per  cent.,  aiifiuuilng  a  pressure  of 
»5  pounds  absolute  at  tlie  llirottle. 

The  engineering  worM  I  beiievo  will  look  forward  with  the 
eatest  possible  interest  to  the  rosiilts  of  Ptoffiesor  Itateau's 
pt-rimcnts  to  tind  the  value  of  the  specific  heat  of  steam  at 
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lii^li  temperatures  and  at  other  pressures  than  atmospheric,  ai 
which  pressure  Kegnault  made  his  experiments. 

This  country,  however,  has  not  been  idle  in  the  matter,  as 
Professor  Carpenter  has  lately  concluded  a  large  series  of  ex- 
p('rinients  with  steam  of  higher  pressures,  and  I  believe  ilr. 
Einmet  has  some  information  on  the  subject. 

Mr,  E,  Meden, — In  paragraph  2  Professor  llateau  states  tk 
it  is  practically  impossible  to  construct  a  turbine  wheel  to  nin  ii 
a  pcriplicral  velocity  above  1,200  feet.  If  Prof essor  Bateau  bi 
l)ccn  familiar  with  the  De  Laval  turbine,  he  would  have  known 
that  turbine  wheels,  running  at  a  velocity  of  over  1,200  feet  jier 
r^ecfmd,  have  been  in  successful  operation  at  least  since  1S9I. 

Professor  Itateau  further  in  the  same  paragraph  states  thit 
eiiicicucv  of  a  single  wheel  is  necessarilv  low,  chieflv  due  to  tt' 
uccc-sity  of  ein])loying  diverging  nozzles,  giving  rise  to  great 
loss  of  onorgy  duo  to  friction,  etc.  These*  losses  of  energy  nn- 
<lnul)tc(lly  <K'cur,  Imt  the  comparatively  efficient  resuUs  obtains! 
from  this  tyiK*  of  turbine  does  not  warrant  Professor  Rateaa* 
a-siiiii|)ti<>n. 

Ill  tlio  last  \y.\v\  of  paragraph  2  Professor  Rateau  speaks 'u 
the  iH'cos-ity  of  (Miiploying  gears  of  special  construction  wW 
arc  siii>joct  to  excessive  wear  and  accidental  breakage.  I  doiiMi 
understand  what  is  meant  by  *^  gears  of  special  constni('Ti»>n« 
a^  the  De  Laval  type  of  gearing  i«  very  old,  and  -with  the  metW 
eiiiplnye«l  inY  the  manufacture  of  these  gears,  the  cost  i^  E'^I 

at    all    exee>-ive. 

A^  reaar«l-  wear,  many  of  these  gears  have  been  in  oporati"D 
for  n))\var<ls  (.t'  nine*  years  withcmt  showing  any  appreciaWe  war. 

ft 
_ _, ^ ^_,  .,.,..    ap^ 

ct'  iiiaehlnery  which  is  not  subject  to  this  misfortune 

rrnj\  ,  1 .  jlnfoniir — Mv  lack  of  familiaritv  with  English  liaM^r*' 

(•1ii«I(m1  ijiy  active  ])artici])ation  in  the  discussion  in  a  pnWif  ^^5- 

aii'l   1  have  fnr  lhi<  reason  ivgretted  that  I  have  1)e<m  iinaM*'. *' 

v.oiiM  have  been  aj^propriate,  to  ex])ress  my  thanks  for  the  0^ 

paiheiic  rccej>ii()n  wliicdi  has  been  accorded  to  my  papor  on  t!'' 

-team  tiirhinc.     [t  is  i)artieularlv  aareeable  to  an  invest i^rator :■' 

'      '  .     •     * 

hrini:-  his  w<>rk  hefore  a   meetiuir  of  engineers  and  s<MentH?  i^ 

America,  who  can  a|»|>re(nate  In^tter  than  all  oriiers  the  j^t^^*^ 

wliich  x'ienee  i<  reiiderinu-  each  day  to  industry.    To  prevent  m- 

*  Autlior'a  closure,  under  tlie  Roles. 
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unication  from  becoming  too  technical  and  dry,  I  have 
id  any  theoretical  development  of  the  question.  Those  who 
desire  to  go  further  than  this  will  tind  certain  studies  of 
presented  hitherto,  in  the  "  Bulletin  de  la  Soeiete  de  I'ln- 
e  Minerale  a  St.  Etienne,"  or  in  the  "  Revue  de  ilecanique  " 

). 

Ill  reply  first  to  the  criticisms  made  by  ifr.  Meden.  This  will 
to  bring  out  certain  points  only  toiiclied  on  in  my  eom- 
ation. 

Medon  has  stated  that  if  I  had  been  familiar  with  the  De 

form  of  turbine  I  wonld  know  that  wheels  turning  at  a 
;y  in  excess  of  1,200  feet  per  second,  liavo  been  in  opera- 
ince  18117.  J[y  reply  is  tliat  I  do  ni)t  ignore  thb  fact, 
iilarly  since  this  result  eouM  only  be  alliiincd  by  the  use  of 
brin  of  moieable  wheel  which  I  have  hocn  produeinf;  in 
aincp  ISil.T.    AW  have  ourselves  caused  whe^'ls  to  re%'<>lve  at 

speeds  than  this,  provided  they  were  made  from  one  piw*  of 
anil  tliiit  tJie  vanes  were  made  very  short  and  milled  out  from 
id  blcM'k  of  nietiil.  In  my  opinion,  although  ruptures  of  these 
I  have  lieen  lilllo  to  be  feared,  T  hold  that  such  high  velocities 
it  to  be  recoiiimeuded  in  practice,  I  consider  iSieao  spccdii 
ingerous  when  the  viines  are  attached  to  the  rim,  and  are 
'ely  long,  as  is  the  ease  in  the  l)c  l^val  design.  I  had  never 
ke  De  Laval  Turbine  when  my  commu  ideal  ion  waa  prepared. 

gave  th<'  result  of  my  persi>nal  experience. 
■('  Mr.  Jleden  ])lrad^  for  the  turbine  t<{  !)e  Laval  I  may  be, 
iin-,  jilhiwcd  to  sjiy  timt  1  know  of  Ji  t'oiioiderable  number 
aknges  of  this  tyjte  of  niiielnno.  I  will  mdy  recall  the  acci- 
elativeiy  recent  at  this  writing,  when.-  tin"  explo&iou  of  euch 
line  lias  caused  the  death  of  several  pi-rsims  at  Seralng  in 
im.  This  form  of  aeeident,  is  apparently  caused  by  the  nip- 
f  one  or  of  sevenil  v;iTies  after  the  steam  haa  worn  them. 

follows  an  eeceiitrieity  of  the   revolving  diwc,  which  by 

of  the  very  high  veli.eity  of  rotation  brings  about  the  nip- 
f  (ho  shaft.     Someliriies  the  disc  remains  in  the  chamber 

surrounds  it  and  turns  there  for  a  lime  more  or  less  pro- 
!.  But  it  alsri  happens  here  that  this  eluimber  is  broken  and 
ies  of  exphision  fnllriws. 

low  even  a  case  where  the  ilise  kept  on  revolviuj^  at  80me  di»- 
from  the  chandxT,  Inniing  on  one  of  the  ends  of  the  iihaft 

Dutch  top.     It  is  wiiljout  doubt  to  luitigato  the  LUt«D«ity 
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of  these  tendencies  that  certain  builders  of  turbines  of  the  Del 
type  have  detennined  to  make  their  chambers  of  cast  steel  ra 
than  of  simple  cast  iron.  It  is  for  these  reasons  that  I  re; 
iny  statement  justified  that  it  is  not  possible  "  in  a  practical^ 
to  exceed  to  any  notable  extent  the  peripheral  speed  of  1,200 
per  second.  Furthermore  Mr.  Meden  says  himself  in  liis  j 
on  the  l)e  Laval  turbine  presented  at  this  same  meeting,  tha 
ruptures  of  vanes  occur  more  frequently  in  large  turbines  \h 
small  ones.  This  must  surely  result  from  the  higher  perip 
speed. 

The  writer  is  versed  in  the  question  of  the  resistance 
r(^volvin^  body.  There  will  be  found  under  his  name  a  stuc 
this  subjcKit  in  1890  in  the  "  Bulletin  de  la  Societe  de  TM 
ilinerale  a  St.  Etienne.'^  In  this  work  he  showed  that  dL* 
iiiiiforiii  thickness  should  begin  to  rupture  at  the  center,  m 
^I(Mlen  lias  pointed  out  exactly  certain  experiments  which 
that  this  condition  will  establish  itself.  He  has  further showi 
greater  velocities  at  the  circumference  can  be  attained  bvuti 
the  radial  streni^th  of  the"  material,  that  is  to  say  by  using 
wliicli  are  enlarged  at  their  center.  The  illustration  Fig.  3 
.Mr.  .Meden's  j)aper  of  the  De  Laval  design  subsequent  to 
shows  exactly  the  form  of  flexible  wheel  made  under  mv 
lieations  since  1895  by  the  shops  of  Sautter-Harle  at  Parish 
tliat  our  l)la(les  are  milled  in  the  rim  while  the  De  Laval* 
shows  l)hi(h's  attached  bv  a  tenon.  In  1895  the  form  an- 
>tnu'ti«>n  of  the  i)e  Laval  wheel  wefe  quite  different. 

J  he  wear  of  the  blades  in  the  current  of  steam  wliich 
<ii:iiifi(  imf  in  multiple  turbines,  is  on  the  contrary  sufficienth 
ill  rlic  turhinc  of  a  single  wheel,  or  of  two  or  three  wheels 
I  his  follows  from  the  greater  velocity  of  the  current  of: 
Tills  w(»ar  aj^poars  to  be  due  principally  to  the  shock  of 
jiartich's  of  water  which  the  steam  contains  after  its  expans 
I  h(   iio//l('s.    It  is  diminished  by  utilizing  superheated  steam. 

1liis  li(|iud  friction  is  a  cause  of  important  lessening  of  th 
])nr,  besides  beinir  the  occasion  which  leads  to  the  rupture ( 
vanes  after  a  certain  time,  as  stated  above. 

Mr.  Meden  criticises  me  for  having  designated  the  gean: 
liiiih  s])ced  turbines  bv  the  epitaph  "special."  I  did  notiflte 
n.^e  a  term  wliich  could  have  given  offence  even  to  those  iA 
sensitive.  These  high  speed  gearings  have  this  in  particular 
tin*   teeth   beside   being  helical  are  of  very  fine  pitch.    J 
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nd,  therefore,  a  very  exact  coiislnietiou.  They  are  cut 
achines  specially  constructed  for  tliw  purpose,  I  shoiild  bu*- 
and  not  by  general  or  ordinary  types.  Furthermore,  after 
ig  they  are  rectified  by  grinding  them  with  emery  powder, 
would  appear  to  me  to  constitute  a  special  construction.    It  la 

matter  of  much  consequence  if  the  cost  of  this  construction 
t  excessive,  and  Mr.  Meden  says  it  is  not.  Some  reference 
Iso  been  made  in  a  summary  fasliion  to  the  question  of  lossea 
rergent  nozzles.  I  have  already  fiivcn  certain  explanations 
e  subject  in  the  number  for  Septi'iiilu'i-,  lilOS,  of  the  "  Revue 
ecanique."  In  hia  conimunieati<'ii  Mr,  Melden  describes  the 
-pumps  of  Do  Laval  and  presents  certain  results  of  pxperi- 
May  I  profit  by  this  occasion  to  recall  that  I  have  been, 
nk,  the  first  to  show  that  very  high  elevations  might  be 
ed  with  centrifugal  turbo-pumpa. 
'  first  experiments  go  back  to  the  year  1900,  and  I  piihlisbed 

in  the  "  liulletiu  do  la  Societe  d'Encoiiragemeiit "  of  11)02. 
icrnion'  the  graphic  curves  givMi  by  Mr.Medeu  show  the 
imy  as  a  function  of  the  discharge  of  the  pump  are  manifestly 
red  l>y  the  more  general  curves,  which  I  have  poiutud  out 
r  tho  name  of  "  Characteristic  OurvM  of  CKotrifuga] 
ps." 

ir  first  turbo-punip  was  little  else  tlian  an  experimental  ap- 
us.  Its  high  s|K'ed  of  rotation  made  it  a  machine  of  little 
ficance  to  industrial  uses  according  to  our  opinion,  by  reason 
i  delicacy.  And  wc  have  produced  a  niorp  satisfactory  type 
laing  turliines  and  muhi-eeilular  pumps.     Tho  economy  is 

much  Ix'tlcr  and  we  avoid  eoniph-trly  tho  use  of  gearing, 
li  is  the  delicate  ])nrt.  My  couiiriiiiiication  rofers  to  turbo- 
is  of  this  latter  type.  We  obtain  with  tUem  u  combined 
JHiy  of  pump  and  turbine  of  miire  than  -12  per  cent.,  if  judg- 

can  be  based  on  the  figures  which  I  have  given  for  a  pump  of 
effective  liorse-power, 

le  curves  given  l.y  Air.  ifedcn  in  his  Fig.  397  for  a 
)  of  Tii*  horse-power  exhibit  a  niaxinium  econoiuy  of  21  per 

only.    This  is  one-half  of  the  economy  of  my  design,  although 
■ance  should  1k'  madi-  iov  ihe  ^^maller  size. 
K  better  residt  is  in  lint  a  c(>n!-uni]»iiuu  of  41  pounds  of  steam 
lorse-power  hour  in  wairr  lifted,  witli  a  preiwure  of  the  steam 
10  pounds  per  .scpinrc  inch,  and  a  vhcuhui  of  25  inches.    Undtr 

conditions  the  tbcontical  cuu3Ui]i]itiuu  should  be  8.72  pounds 
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of  stoaiu  per  horse-power  hour,  whence  a  total  economv  would  re 
suit  ^=0.213. 

For  a  siinilar  capacity  of  55  horse-power  the  turbines  will 
multiple  wheels  should  easily  attain  a  combined  econoinv  of  3' 
])('r  cent.,  instead  of  21  per  cent. 

1  find  iiiy.<(df  in  complete  accord  with  Mr.  Ilodgkinson  in  lii 
statement  fliat  to  estimate  the  net  economv  of  the  combine 
machine  it  is  wise  to  start  from  the  pressure  of  steam  in  tliepipt 
in  advance^  of  the  throttling  valve,  rather  than  from  thepre>sui 
nfter  tlie  tlirottle.  That  second  pressure  can  only  be  ns€ 
as  r  liave  don(^  it  if  there  is  only  in  view  the  econoir 
of  the  turbine  itself  independent  of  its  method  of  re^l 
tion.  It  is  easy  to  pass  from  one  system  to  the  other  if  thetv 
pressures  are  known  before  and  behind  the  tlirottle.  I  repretth; 
I  did  not  ^ive  in  the  tables  the  pressure  in  front  of  the  valve.  1 
tlie  ease  examined  by  ^Fr.  Ilodgkinson  this  pressure  was  vei 
nearly  e(jual  to  that  which  he  states. 
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No.  1039.* 

LOCOMOTIVE  TESTING  PLANTS. 


'.rimenls  of  Akxamkr  Borodin. — In  18fil  au^  1882, 
'  Borodin,  engineer-iii-chief  of  ttic  KuA^ian  South- 
tailways,  made  an  elaborate  scries  of  tests  upon  aev- 
locomotives,  blocked  clear  of  the  track,  and  so  arranged 
ower  developed  was  absorbed  by  the  shop  niachinery.f 
oniotives  were  tested,  a  Biniple  engine  having  eteani- 
ylinders,  a  siinple  uujackcted  engine,  and  a  compound 
ngine. 

process  of  testing,  each  locomotive  in  its  turn  was  de- 
nt its  tender,  placed  outside  and  at  right  angles  to  the 
machine  shop,  in  wliicli  position  the  loconinlive,  with  its 
pparatua,  waa  ]irotceted  hy  a  temporary  roof.  The  driv- 
.  were  raised  slighlly  above  the  rail,  the  coupled  wboela 
ed,  and  the  main  driver  on  one  side  belted  to  a  counfer- 

405),  The  maximum  load  which  ronld  in  this  manner  bo 
[jon  the  Womnlivcwjis  about  !tO horse-power, and  heeaune 
litation,  all  testa  were  run  under  short  cut-offs  and  low 
isures.    The  cut-off  waa  between  20  and  30  per  cent,  of 

and  the  ateajii  ]treanurc  varied  from  about  CO  pounds 
le  engines  to  about  100  pounds  for  comiJounda.  The 
of  the  pulleys  carrying  the  beltiug  were  so  chosen  that 
itioDS  of  the  locomotive  driver  corresponded  with  ft 
ibout  eighteen  miles  per  hour.  In  order  to  keep  the 
the  locomotive  constant  the  minimum  power  required 

]  tt  the  CLI<:arc]  iiiL'oiiN^  iMajand  June,  1904)  of  the  ilnieriran 
lecfaanlMl  Engineers,  siid   running  part  of  VoIutdo  XXV.  ut  tli* 

Imenti  on  Rt^oui  ,lnrketine  nnrl  r«ni|>oiin(]lniI  of  Tioconxitlvrii  In 
Ueiuidpr  Borodin.     PmcoF<lingi  of  the  InstUutlon  ot 

.oQdon,  1886. 
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to  drive  the  shop  was  taken,  and  excess  demands  supplied  by  iai 
regular  shop  engine.  As  the  exhaust  steam  was  condensed  ami 
could  not  be  used  to  produce  draught,  the  stack  was  lengllieiKd 
to  give  the  desired  rate  of  combustion.  The  duration  of  eacttol 
was  from  one  and  a  half  to  three  and  a  half  hours. 


'Die  loroniotive  under  test  was  supplied  with  a  st^aui  ?^ 
allowing  boiler  pressure,  a  gauge  for  the  steam  jacket,  a  reTolnu* 
eoiiiilfr,  nnd  one  indicator  on  each  cylinder.  The  weiglit  of  fi** 
wiifi-r  sup[)li(-d  was  determined  by  use  of  a  calibrated  ttiA  •* 
thi'  ovpriiow  from  the  injector  was  caught  and  wcighei 
clierk  iipi-m  the  rrcnrd  of  wslcr  consumption,  and  todc"'"""' 
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amount  of  moiaturc  in  tlie  steam,  the  exhaust  steam  was  oon- 
setl,  and  ita  weight  and  heat  determined.  Six  assistants  were 
iloyed  in  taking  observations. 

I  large  number  of  testa  were  made  under  various  conditions, 
it  is  of  interest  to  note  that  the  resulta  of  this  early  work 
loustrated  the  economy  both  of  the  steam-jacket  and  of  the 
pound  engine.  The  consumption  of  moist  steam  per  horae- 
er  per  hour  was  found  to  be  as  fellow's : 

ileenginp  willi  alpam  jurkot  at  80  per  cent.  cut-ofl(ponnd*) 29,19 

ie  Ml^ne  with  stfam  jacket  at  20  percent,  cut-off  (pounds) SA.9S 

J«  engine  without  stf&ia  jBchot  at  30  per  rent,  cnt-off  (pounds) 88. II 

lie  engine  without  steam  jncket  at  20  percent,  cut-off  (pounds) 83.18 

MDnd  engine  without  eleani  jacket  at  28  per  cent,  cut-off  of  high 
TtreBsure  cylinder  (pounds) S4,09 

moQg  tlip  results  of  the  tests  were  the  conclusions  that  stoaiQ- 
flting  affects : 

,  A  decrease  in  quantity  of  steam  condensed  during  admission. 
,  A  decrease  in  the  re-evaporation  during  expansion,  and, 
.  iVn  increase  of  mean  effective  pressure, 
he  work  of  Mr,  Borodin  is  now  noteworthy  because  of  the 
I  with  which  the  tests  were  planned  and  of  the  evident  skill 
1  which  they  were  executed.  It  can  hardly  be  said  that  the 
lilies  he  employed  constituted  a  locomotive  tostjng  plant, 
yet  the  considerations  which  guided  him  in  his  work  were 
itical  with  those  which  a  few  years  later  led  to  the  couKtruction 
1  permanent  plant.  Mr.  Borodin  appreciiilcd  tin-  neoessity  for 
rating  a  locomotive  as  n  stationary  engine  for  the  purpose  of 
ing  lis  performance,  and  it  is  to  this  fundamental  requireinent 

I  the  modern  loconiolive  testing  plant  responds.* 

I.  The  First  Plant  of  Purdue  Univernity. — The  locomotive 
in^;  plant  of  Purdue  University  waa  the  outgrowth  of  natural 
ditjons.  In  the  year  ISflO  the  tJniversity  was  in  tlie  procew 
Utablisliing  an  engineering  laboratory  to  servo  in  the  instmo- 
i  of  students  and  in  the  promotion  of  engineering  rcaeBTch. 
Piiipts  to  te,st  stjitionary  engines  under  the  iluctuating  COIJ- 

II  it  linl.  jiut  to  sav  tlinl.  the  later  development  of  the  testing  plant  In 
'rica,  in  no  wUe  depended  <i\ma  or  grew  out  of  llie  work  which  ha«  been 
rited.  Two  years  after  ihp  InMallntion  of  the  first  Purdue  plunl,  M.  Bomdln 
otaliy  inspected  its  operation,  and  It  wn<i  on  the  ocea«Jou  of  this  Tlslt  that  the 
W  first  learned  of  the  work  which  had  been  accomplished  tan  ypats  enrtler  liy 
dlatlngaiabed  Russian  engineer. 


I 
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(Htions  of  service  had  proven  unreliable,  and  experin 
tionary  engines  so  mounted  as  to  permit  their  operation 
stant  conditions  had  already  been  given  a  place  in  seve 
torios.     It  was  easy  for  the  Purdue  authorities  to  f< 
great  advantage  to  be  derived  from  a  study  of  locoir 
forinance,  under  conditions  as  favorable  to  the  work  • 
as  those  wliich  had  been  recognized  as  necessary  in  tests 
upon  stationary  engines.     The  field  was  a  promising  on 
undor  conditions  of  service  locomotives  were  tested 
cultv,  and  results  obtained  were  even  less  satisfactorv 
obtained  from  stationary  engines  under  service  conditio 
stationary  engine  was  to  be  improved  by  the  establi; 
oxporiniental  engines,  the  locomotive  could  be  vastly 
by  tlie  installation  of  experimental  testing  plant.    By 
such   as  theses  it  was  made  clear  that  the   process  o 
up  the  e(piipiiient  of  an  extensive  engineering  laborat 
naturally  involve  a  locomotive  testing  plant. 

Tn  ilay,  1S91,  an  order  was  given  the  Schenectady  I 
AVorks  for  a  17-in.  by  24-in.  eight-wheel  engine,  and  in 
of  that  year  the  locomotive,  which  had  been  named  for  it 
^^  Schenectady/-  arrived  at  a  switch  a  mile  distant  from 
toiv.  IIkto  was  no  track  which  led  to  the  laboratorv. 
fa('('  of  the  ground  to  be  traversed  was  slightly  rolli 
(M)nsid(M-ablo  portion  of  it  was  under  cultivation. 

In  ^('ttin*;"  \\\(\  engine  over  this  ground,  three  sectioi 
were  made,  eaeli  of  a  rail's  length,  built  in  the  form  ol 
eappe<l  by  T)*; -pound  rails.  The  foundation  of  each  consi; 
five  ])y  t\v<dv(^  y(dh)w  pine  pieces,  laid  flat-wise,  across 
l>y  twelve  j)ieees  were  spaced  as  ties,  the  rail  spikes  passi: 
the  ti(^s  and  into  th(^  foundation  beneath.  The  wor 
e]n])loyed  in  moving  \\\i\  locomotive  included  three  pair 
with  drivers,  whicdi  with  two  or  three  men  to  handle  1 
(h(»  low  j)hu*es,  furnished  all  the  help  necessary.  0 
horses  by  means  of  block  and  tackle  was  employed  t< 
ward  movement  to  th(^  engine,  a  second  to  draw  the  skid 
aiiotlier  from  rear  to  front,  and  the  third  to  pull  the  1 
advaneinc:  ^^kid  into  lino  with  the  one  previously  placed. 
soon  became  so  skilhMl  in  their  respective  parts  that 
ground  was  smooth  tlic  engine  could  be  kept  in  const; 
for  considerable  distances,  one  skid  being  drawn  fro 
front  and  placed  in  position,  while  the  engine  was  passii 
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ditions  of  service  had  proven  unreliable,  and  experimental  sta- 
tionary engines  so  mounted  as  to  permit  their  operation  under  con- 
stant conditions  had  already  been  given  a  place  in  several  labora- 
tories. It  was  easy  for  the  Purdue  authorities  to  foresee  the 
great  advantage  to  be  derived  from  a  study  of  locomotive  per- 
formance, under  conditions  as  favorable  to  the  work  of  testing, 
as  those  which  had  been  recognized  as  necessary  in  tests  conducted 
upon  stationary  engines.  The  field  was  a  promising  one,  because 
under  conditions  of  service  locomotives  were  tested  with  diffi- 
culty, and  results  obtained  were  even  less  satisfactory  than  those 
obtained  from  stationary  engines  under  service  conditions  If  the 
stationary  engine  was  to  be  improved  by  the  establishment  of 
experimental  engines,  the  locomotive  could  be  vastly  improved 
by  the  installation  of  experimental  testing  plant.  By  arguments 
such  as  these  it  was  made  clear  that  the  process  of  building 
up  the  equipment  of  an  extensive  engineering  laboratory  might 
naturally  involve  a  locomotive  testing  plant. 

In  May,  1891,  an  order  was  given  the  Schenectady  Locomotive 
AVorks  for  a  17-in.  by  24-in.  eight-wheel  engine,  and  in  September 
of  that  year  the  locomotive,  which  had  been  named  for  its  builders, 
"  Schenectady,"  arrived  at  a  switch  a  mile  distant  from  the  labora- 
tory. There  was  no  track  whicli  led  to  the  laboratory.  The  sur- 
face of  the  ground  to  be  traversed  was  slightly  rolling,  and  a 
considerable  i)ortion  of  it  was  under  cultivation. 

In  getting  tlie  engine  over  tliis  ground,  three  sections  of  track 
were  made,  eacli  of  a  raiFs  length,  built  in  the  form  of  skids  and 
capped  by  56-pound  rails.  "J'lie  foundation  of  each  consisted  of  two 
five  by  twelve  yellow  pine  pieces,  laid  flat-A\nse,  across  which  two 
by  twelve  i)ieces  were  spaced  as  ties,  the  rail  s^nkes  passing  through 
the  ties  and  into  tlu^  foundation  benoatli.  The  working  force 
employed  in  moving  tlie  locomotive  included  three  i)airs  of  horses 
with  drivers,  whicli  with  two  or  three  men  to  handle  blocking  at 
the  low  places,  furnished  all  the  help  necessary.  One  pair  of 
horses  by  means  of  block  and  tackle  was  employed  to  give  for- 
ward movement  to  tlie  engine,  a  second  t-o  draw  the  skids  one  after 
another  from  rear  to  front,  and  the  third  to  pull  the  heel  of  the 
advancing  skid  into  line  with  the  one  previously  placed.  The  men 
soon  became  so  skilled  in  their  respective  parts  that  where  the 
ground  was  smooth  the  engine  could  be  kept  in  constant  motion 
for  considerable  distances,  one  skid  being  drawn  from  rear  to 
front  and  placed  in  position,  while  the  engine  was  passing  over  the 
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two.  The  only  difficulty  experienced  was  in  making  the 
otive  follow  the  skids  if  laid  on  a  curve.  This  could  not  be 
plished.     Wherever  a  cliange  of  direction  was  necessary 

made  by  laying  cross-blocking  under  the  skids,  upon  which 
w\  of  the  skids  bearing  the  engine  was  slipped  bodily  The 
'  involved  four  turns,  each  somewhat  less  than  a  right  angle, 
le  whole  distance  traversed  by  the  engine  was  in  the  neigh- 
od  of  one  and  one-hnlf  miles.  On  the  eighth  working  day 
the  start,  the  engine  arrived  at  the  laboratory  without  acci- 
and  without  having  once  touched  the  ground. 
:we(ii  the  time  when  the  locomotive  wus  ordered  and  its 
TV,  the  details  of  the  mounting  mechanism  were  designed 
lui  in  place,  so  that  when  the  locomotive  arrived  the  plant 
iractically  ready  for  its  rccei»tion.     The  completed  plant, 

is  believed  to  be  the  first  of  its  kind,  is  described  in  detail 
'liper  entitled,  "  An  Experimental  Locomotive,"  *  which  was 
lii-fiirc  the  Htx'icty  in  is;i2,  from  which  Fig.  4011  has  beCn 
lu<T(l.  Kig,  407  is  from  the  photograph,  showing  the  posi- 
■i  tlic  jiicnmotivc  in  tlii'  lulxirHtory. 

■  Purdue  plan  for  inounling  a  locomotive  for  experimental 
:ies  involved  (1)  supporting  wheels  carried  by  fihafta  rnn- 
in  fixed  hearings,  to  receive  the  locomotive  drivers  and  to 
iviili  them;  (2)  brakes  which  should  have  sutHcient  capacity 
-nrli  continuously  the  maximum  power  of  tho  locomotive, 
vhicli  should  be  mounted  on  the  shafts  of  the  supporting 
>;  (:t)  a  traction  dynaniomcler  of  such  form  liii  would  servo 
i{:iti'  the  horizi.nt;il  iimviiig  force  and  at  tho  Mme  time  allow 

sliglit  liiirizoiital  inntiijn  of  the  engine  on  the  supporting 
-.     Assume  an  engine,  thus  mounted,  to  be  running  in  for* 

iiii'ticin.  the  tiupporting  whocln,  the  faces  of  which  congti- 
lie  truck,  revolving  freely  in  rolling  contact  with  tho  drivers. 
iH-omotive  as  a  whole  bi'ing  at  rest,  tho  track  under  it  (the 
•f  iIlc  i^npi"'rting  wlieel.)  is  forced  to  move  backward.  If 
ilie  sujiportiiig  wlieel-  he  retarded  in  their  motion,  as,  for 
|i|i-.  hy  the  action  of  friction  brakes,  the  engine  must  fts  a 
.  tend  ti>  move  off  ilieni.  If  they  be  stopped,  tho  drivers 
-top  or  slip.  \Vlieilier  the  resistance  to  be  overcome  in 
i;r  t!ie  -upiiorlinir  wlioeli  i^  great  or  small  the  force  to  over- 
ir  i-  lr;io-;iiiilt.'d  fr flic  driver  to  the  su|tportiiig  wliool, 

■,i,„;rH.mioi  [lie  .^iiuTii'iui  Sirii-tt  ut  MKbkQical  EDgiaeBn,  1892,yoliuue 
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and  will  re-appear  as  a  stress  on  the  draw-bar,  ^x'liicli  alone  ^olii  I 
the  locomotive  to  its  place  upon  the   supporting  wWU,    Ttn  ^ 
dynamometer  constitutes  the  fixed  point  with   which  the  Aros- 
h:n-  connects  and  servos  to  measure  stresses  tranamitteil. 


eviilent  from  these  considerations  that  the  tractive  power  of  sori 
a  locomotive  may  he  increased  or  diminished  bv  simplv  «i^i|J 
the  resistance  against  which  the  supporting  wheels  turn,  and  iW 
the  readings  of  tlic  traction  dynamometer  will  always  si'rre  » 
a  basis  for  calculating  work  done  at  the  draw-bar. 

Perhaps  the  most  difficult  problem  in  the  worlune  out  of  ^ 
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details,  appeared  in  the  design  of  the  friction  brakes,  for  not  only 
were  these  required  to  be  of  large  capacity,  but  the  success  of  the 
whole  plant  depended  upon  their  satisfactory  action.  They  were 
cjonstructed  from  drawings  made  at  the  University  upon 
principles  develope<l  bv  Prof.  (loorge  I.  Alden,  which  had 
bettl  descril)od  bv  liim  in  a  paper  before  the  Society.*  As 
Ajip^  Iiave  once  been  described  in  the  Transactions, f  further  ref- 
tti$KOB  to  them  at  this  time  is  unnecessary.  The  drivers  of  the 
tAnnaotiye  were  mounted  upon  supporting  wheels  with  flat  treads, 
Hbtilljf  the  inside  edges  rounded  as  in  a  rail.  A  traction  dyna- 
jr,  made  up  of  a  system  of  levers  and  connected  with  the 

Mrobar,  measured  either  the  pull  or  the  push  exerted  by  the 
LOtive.  A  valve,  actuated  by  one  of  the  levers  of  the  dyna- 
■MPttieter^  varied  the  supply  of  water  to  the  brakes,  thus  auto- 
HMttically  regulating  the  balance  of  the  dynamometer. 

'  Inuring  the  school  year  of  1891  and  1892,  following  the  in- 
llsllation  of  the  plant,  work  upon  it  was  directed  more  to  the 
perfection  of  mechanical  features  than  to  the  acquisition  of  sci- 
entific data.  Nevortlieloss,  during  tliis  year  twenty  efficiency  tests 
were  run,  many  of  tliem  at  light  power,  and  almost  all  with  the 
throttle  only  partially  o]K'n,  all  of  which  were  later  made  the 
btisis  of  a  paper  before  the  Society.:}: 

During  the  following  year,  in  the  course  of  a  study  of  the 
(Kwmterbalance  ])rol)l('ni,  the  fact  that  a  driver,  \viH,  under  cer- 
tttn  conditions,  actually  leave  the  track,  through  the  action  of  its 
Mnmterbalance,  was  demonstrated  by  passing  wires  under  the 
B0^ring  wheel,  some  of  tli(\se  coming  out  with  a  portion  of  their 
Iflni^  untouclied  by  the  wIkm'I.  The  fact  that  this  work  involved 
tpeeds  of  from  sixty  to  sixty  five  miles  per  hour,  was  accepted  as 
i^ridence  of  the  praetieabih'ty  of  the  testing  plant. § 

Another  series  of  experiments  upon  this  plant  was  designed  to 
ihow  the  eifect  of  long  indicator  pipes,  such  as  were  then  gener- 
illy  used  in  road  testes  (►f  locomotives,  the  conclusion  being  that 

♦  *•  An  Automatic  Absorption  Dynamometer."  Trannactions  ot  the  American 
3U>ciety  of  Mrrhanicnl  Kntrinocrs,  Volunio  XI.,  page  951). 

f   Trnnnartions.  Volumo  Xlll.,  ])u^('  427. 

J  •  T<*.«»t.s  of  the  Locomotive  nt  tlio  Lal)orntorj  of  Purdae  University."  Trans- 
tritotiJt  of  the  American  Socitty  of  Muclianical  Engineers,  1893,  Volume  XIV., 

5$  ••  An  Experimental  Study  of  tho  VA^tct  of  the  Coanterbalance  in  Locomotive 
Orive-Whoels  up)n  the  Pn<s»in>s  hrtw.fn  Wheel  and  liail."  7>an$aciioni of 
American  Society  of  Mechanical  Ismlmuc.  r^.  1894,  Volume  XIV.,  page  805. 


nrv,   IM^l,  tlio  Engineering  Laboratory,  including  1 
testing  i)ljint  and  all  unpublished  data,  was  burned. 

If,  in  rovieAving  the  results  obtained  in  the  two  ; 
(luring  which  the  i^lant  was  in  operation,   the  it 
'<\]^\)('i\r  all  too  few,  it  should  be  remembered  that  at! 
was  sj>cnt  in  getting  the  plant  into  a  condition  of  sn 
AiTJiin,  the  locomotive  was  merely  one  piece  of  a 
in  the  in?itruction  of  students,  and  could  receive 
for  its  share  of  the  time,  and,  consequently,  was 
operation  was  further  limited  by  the  cost  of  fuel 
the  few  results  which  were  obtained  are  not  withoi 

ill.  The  Srronr]  Plant  of  Purdue  University.- 
failed  a  heavy  burden  of  labor  and  expense,  but 
eame  also  new  opportunities.  All  details  of  the  m 
ani-iii  were  niosf  carefully  reviewed,  and  every  fr 
p«  ririiee  wa^  made  to  serve  a  useful  purpose  in  th< 
nj'  a  new  plant.  The  a^^paratus  was  housed  in  a  s 
iiii:',  dc'-liine<l  es])eeially  to  receive  it  A  permaner 
I'ret  ill  length,  was  laid  to  connect  the  laboratory 
ways  'if  ihe  country.  The  damaged  locomotive  "^ 
l'r'»in  ilie  ruin,  sent  out  over  the  track  and  thence  t 
t'cr  repairs.  T^|)on  its  return,  a  few  weeks  later,  it 
it-  own  ^trani  and  backed  in  over  the  Purdue  track 
place  iipcn  ihe  su])]K)rting  wheels'  of  the  new  testiu 
ea.-e  and  ia|»idity  with  which  this  trip  was  made  w( 
•  •.iiii  r.i-i  with  the  laborious  methods  which  attendee 
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a  particular  locomotive,  the  new  mif  is  arranged  for  iho 
Qodation  of  any  locomotive,  of  which  tlic  driving-wheel  baao 
It  exceed  eighteen  and  one-half  feei. 

eference  to  Fig.  409,  it  will  be  seen  ihat  there  is  provided  a 
foundation  of  nearly  twenty-five  fett  in  length.  This  la 
lan  sufficient  to  include  the  driving-wheel  base  of  any  stan- 
!ght,  ten  or  twelve -wheeled  engine.  For  engines  having 
tela  coupled,  a  third  supporting  axli;  will  be  added  to  those 
and  for  engines  having  eight  wheels  coupled,  four  new 
aving  wheels  of  smaller  diameter  than  those  shown,  will  be 

wheel  foundation  carries  cast-iron  iied-platea,  to  whieh  are 
.  pedestals  for  the  support  of  the  axle  boxes.  The  lower 
of  the  pedestals  are  slotted  and  the  iK-d-pIates  have 
rd  holes  spaced  along  their  length.  By  tlieso  metms  the 
Is  may  be  adjusted  to  any  position  iilons  the  length  of  the 
tion.  The  boxes  in  use  at  the  presmt  time  are  plain  bab- 
haft-hea rings,  and  between  each  bearing  and  iLi  pedestal  ■ 
:ted  a  wooden  cushion,  now  believed  to  he  of  no  tnatorial 
ance. 

outer  edges  of  the  wheel  foundations  are  topptid  by  tinibcrfl, 
eh  the  brake  eases  are  anchored.  The  brakes  which  ab- 
e  power  of  the  engine  are  those  wliieli  wpro  used  in  the 
I  plant.  Concerning  those,  it  will  bt-  of  interest  to  note  that, 
[  upon  the  first  plant,  the  oil  became  very  hot  about  the 
of  the  ease,  white  that  in  other  parl^  of  the  apparatus  ro- 
cool.  In  the  re -establishment  of  the  plant,  closed  elrculat- 
is  were  added  to  the  brakes  to  convey  the  hot  oil  from  the 
ortions  of  the  case  back  to  the  centre,  the  radial  curves 
>rake-discs  serving  to  maintain  a  pumping  action  sufficient 
tain  a  continuous  How  of  oil  from  the  outside  to  the  nentre 
arake.  With  these  rirrtdating  pipes  it  wb.s  found  that  tho 
rculation  provided  in  the  original  design,  and  dpseribud  in 
>U8  paper,  was  unneeessJiirv.  Tn  present  practice,  the  brakes 
ricated  by  a  cheap  griidtt  of  cylinder  oil,  supplied  by  tho 
own  in  Fig.  4i:!.  Tlu^re  is  always  some  leakage  of  oil  at 
ter,  but  no  timr.'  ibiiii  U  nceesfiary  to  insure  llie  hlhrieatirtn 
point.  Tlie  drip  is  CLiutrlil  an.l  retiirn<-d  to  the  enn. 
le  original  design  of  the  briikes  it  was  assumed  thftt  the 
sorbed  would  he  proporlionnl  to  tho  water  prpssturo  exerted 
e   copper  discs,  an  atv-iui option  whif;h  would  be  tme  pro- 
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e  lubricant  between  the  copper  plates  and  tbo  cast-iron 

Jises  were  always  in  the  same  cMjciition.  In  practice  it 
:hat  the  work  is  all  done  on  the  oil,  and  any  change  in  the 
of  work  absorbed,  produces  a  corresponding  effect  upon 
lerature,  and  hence  upon  the  viscosity  o£  the  oil.  Other 
nng  equal,  therefore,  increasing  or  <luninishing  the  water 

does  not  result  in  a  proportional  iniToase  or  a  diminution 
mount  of  work  absorbed.  That  i^,  the  amount  of  work 
.  depends  quite  as  much  upon  the  tcmiwralure  of  the  oil 
rakes,  as  upon  the  pressure  exerted  by  the  copper  plate 
'  moving  discs,  and,  excepting  when  the  speed  of  rotation 
Muall,  it  is  found  best  to  use  a  moderate  water  pressure, 
.iry  the  load  by  varying  the  brake  ieiti])erature,  this  being 
complished  by  controlling  the  amoniit  of  circulating  water. 
er  pressure  rarely  exceeds  from  four  to  ten  pounds.    The 

between  the  copper  plates  and  the  moving  disc  being  sel- 
r  ten  pounds  per  square  inch,  thero  is  no  i>ercpptiblo  wear 
ibliirig  surfaces  so  long  as  lubrication  is  maintained.  After 
E  six  million  revolutions  the  copper  plates  and  the  cast-iron 

lieh  constitute  the  rubbing  surfaces  of  the  four  brakes, 
1  no  trace  of  wear  except  in  a  few  places  on  the  copper 
here,  owing  to  imperfections  in  the  siirfaco,  small  areas 
■cived  a  concentration  of  pressure.     Since  the  work  ab- 

[Kiu  the  brakes  depends  largely  upon  the  temperntiire  of 
letwceii  its  rubbing  .-iurfaces  it  will  appear  that  the  maxi- 
id  will  be  greatest  when  the  heat  developed  between  the 

surfaces  is  most  qui<'kly  conducted  away.     The  copper 

the  brakes  under  consideration  were  made  A  of  an  inch 
less.  It  is  priili:i!ile  that  less  cooling  water  would  be  ro- 
und the  action  of  the  brakes  would  he  improved  if  the 
*  of  these  jihites  were  considerably  reduced.     It  ia  now 

tliat  an  ami'iint  '>f  metal  sufReient  only  to  withstsnd  the 

fiin'es.  tn  wiii.'h  the  action  of  the  brako  subjects  them, 
■c  br.t. 

r.-iirii  of  the  Ir.h'timi  <lynamni[ieter  w;is  a  matter  of  some 
■.  That  which  wii-  llri:illy  a.lopted  consists  of  the  woigh- 
,  «i  an  Kitierv  ic-tinL''  niiicliinc,  the  hydraulic  support  of 

capal>Ie  iml  I'ulv  ni'  tiMii-iiiiltijig  the  stress  it  receives,  but 
■ilhslaiidiuL'  ilic  r^ipi'l  \iliratiun  which  the  draw-bnr  trana- 
t.  The  a]iparatit-  i-  [.f  ilii.nod  pounds  eapaeity,  and  at  the 
ic  so  sensitive  iliai  mic  ^-tanding  in  front  of  the  locomo- 
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tive  may  press  \vith  his  fingers  upon  its  pilot  and  cause  a  deflection 
in  the  needle  of  the  dynamometer.  A  massive  brick  pier,  re- 
inforced by  steel,  forms  the  foundation  of  the  djpamometer. 

In  view  of  the  enormous  force  which  a  locomotive  is  capable 
ot  ttcerting  it  would  appear,  at  first  sight,  that  an  error  of  50!  or 
0f0a  100  pounds  in  the  determination  of  draw-bgr  stresses  would 
be  of  sliglit  consequence,  and  that  great  accuracy  in  this  matter 
is  not   required.      Under    some    conditions  :..this    conclusion   is^ 
f§T  from  true.     The  work  done  at  the  draw-bar  is  the  products 
of  the  force  exerted  multiplied  by  the  space  passed  ove^J^if  the 
force  exerted  is  great  and  the  speed  snmll  a  little  erroir  in  the 
draw-bar  stress  is  not  a  matter  of  great  importance,  but  if  the  re- 
vexse  conditions  exist,  if  the  speed  is  high  and  the  draw-bar  stress 
lorn  then  it  is  absolutely  necessary  that  the  draw-bar  stress  be  de^:  • 
termined  with  great  accuracy.    Moreover,  high  speeds  necessarily/ 
involve  low  draw-bar  stresses.    Considerations  such  as  these  werb'" 
deemed  of  sufficient  importance  to  justify  the  purchase  of  the  ' 
meet  accurate  dynamometer  whch  coul<|,be  found. 

As  is  well  known,  the  arrangement  pf  the  hydraulic  support 
of  the  Emery  testing  machine  permits  the  weighing  scale  to  be 
At  any  convenient  distance  from  the  poj^  where  the  stresses  are 
receiveil.  Fig!?.  40S  and  400  show  only  fhe  receiving  end  of  the 
apparatus.  Tlio  draw-bar  connects  with  this  apparatus,  by  a  ball 
joint,  which  loaves  its  outer  cmkI  free  to  respond  to  the  movement 
of  tho  locomotive  on  its  springs.  A  threaded  sleeve  allows  the 
draw-bar  to  be  len^thencMl  or  short(»n(Ml  for  a  final  adjustment  of 
the  locomotive  to  its  position  upon  the  supporting  wheels,  and  pro- 
Tiaion  is  made  for  a  vertical  adjustment  of  the  entire  head  of  the 
machine  upon  its  frame. 

Figs.  410  and  41 1  sliow  tli<^  arrangement  of  floors.  The  "  Edi- 
tors' floor"  and  th(»  iixed  floors  a<ljoining  are  at  the  level  of  the 
raiL  The  op(»n  spaee  over  the  whe(»l  foundation  is  of  such  dimen- 
sions as  will  easily  aeeoinino(liit(»  an  engine  having  a  long  driving- 
wheel  \n\M\  movable*  or  tempo rarv  floors  being  used  to  fill  in  about 
each  <liflFerent  en.<rine,  a^  iiuiy  be  foun<l  eonvenient.  The  tem- 
porary flooring  is  that  employed  for  Purdue's  first  locomotive. 

The  level  of  the  ^^ten<ler  tloor"  is  at  a  suflieient  height  above  the 
rail  to  serve  as  a  i>latform  from  whieh  to  fire.  From  this  a  run- 
way lea<ls  to  the  eoal  ro(»m.  At  the  hea<l  of  the  run-way,  set  flush 
with  the  fioor,  i-;  a  plntfMrm  seal(\  whieh  serves  for  weighing  coal 
as  it  i>  delivered  to  the  liremun. 
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The  feed-water  tank,  from  which  the  injectors  draw  their  sup- 
ply, is  shown  in  the  lower  right-hand  corner  of  Fig.  411.  Above 
this  supply  tank  are  two  small  calibrated  tanks,  so  arranged  that 
.gM  may  be  filled  while  the  other  is  discharging,  by  use  of  which 
JpA  quantity  of  feed  delivered  is  determined. 
4  The  steam  pump  shown  on  the  visitors'  floor  is  for  the  purpose 
4tf  supplying  water  under  pressure  to  the  friction  brakes  which 
jUjmd  the  engine. 

*.  Pig.  412  presents  several  views  of  the  locomotive  laboratory. 
She  entrance  door,  which  opens  upon  the  visitors'  floor,  is  shown 
in  the  south  elevation.  It  is  approached  from  the  general  labora- 
levy,  75  feet  away.  The  north  an<l  west  elevations  show  the 
ijlDof  construction,  by  which  the  upper  end  of  the  locomotive  stack 
vmade  to  stand  outside  of  the  building.  The  roof  sections  shown 
auij  be  entirely  removed,  and  a  door  in  the  cross-wall,  which 
extends  between  the  removable  roof  and  the  main  roof,  provides 
Ample  height  for  the  admission  of  the  locomotive  to  the  building. 
A  window  in  this  door  serves  to  give  the  firemen  a  clear  view 
of  the  top  of  the  locomotive  stack,  which  at  the  time  the  plant 
was  installed  was  thought  to  be  desirable  for  good  work  in  firing. 
Above  the  stack  is  a  pipe  to  convey  the  smoke  clear  of  the  build- 
ing«  To  meet  changes  in  the  location  of  the  stacks  of  different 
locomotives,  this  pii)e  may  be  moved  to  any  position  along  the 
len^h  of  the  removable  roof. 

It  appears  to  be  unnecessary  to  describe  in  detail  the  methods 
of  attaching  calorimeters,  jiyrometers,  and  other  minor  apparatus, 
except  in  so  far  as  thes(»  appt'iir  in  Figs.  41 J5  and  415. 

The  six  years  which  follow  the  mounting  of  the  locomotive 
**  Schenectady,"  ui)on  the  orifijinal  plant  of  the  Purdue  Labora- 
toiy,  were  marked  by  unusual  progress  in  locomotive  design,  and 
by  the  end  of  that  ju'riod  the  experimental  engine  had  ceased  to  be 
representative  of  tlu*  moat  ajiproved  practice.  For  example, 
steam  pressures  of  200  i)oun<ls  ])er  square  inch  and  more,  then 
became  common,  wliilo  the  boiler  of  "Schenectady"  had  been 
designed  for  a  inaxinuiiu  pressure  of  140  pounds.  Moreover, 
the  progress  of  the  work  of  the  lal)oratorv  had  defined  many 
problems  affeeting  tlu^  piM'forninnee  of  simple  locomotives,  and  it 
seemed  best  to  i)rovi«h'  for  work  which  would  contribute  to  the 
solution  of  that  arisiiii::  from  tlio  employment  of  compound  loco- 
motives. Early  in  I'^l^T,  tlitrcfore,  it  was  decided  that  locomo- 
tive "  Schenectady  ''  shouM  hr  disposed  of  and  another  engine 
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which  would  better  serve  the  purposes  of  the  laboratory  secured 
to  take  its  place.  The  new  locomotive,  "  Schenectady  No.  2," 
arrived  at  the  laboratory  in  October,  1897,  and  entered  at  oiiee 
upon  the  work  for  which  it  was  designed.  It  is  a  16  by  24  eight- 
wheel  engine,  of  107,200  pounds  total  weight,  with  suty-nine 
inch  drivers,  and  a  boiler  designed  for  a  working  steam  preasnn 
of  250  pounds.  The  principal  work  of  the  plant  during  the  last 
seven  years  has  been  in  connection  with  this  engine. 

With  reference  to  the  results  which  have  been  obtained  from 
the  second  Purdue  plant  during  the  ten  years  which  have  ekped 
vsince  its  establishment  in  1894,  it  is  perhaps  not  too  much  to  u? 
that  some  of  the  facts  concerning  loconibtive  performance,  wUeh 
to-day  are  generally  accepted,  and  hence  quite  conunonplaGe,  were 
tirst  made  known,   or,  if  previously  surmised,  were  confirmed 
by  results  obtained  from  this  plant.     The  limitations  affecting 
siieli  simple  factors  as  indicated  horse-power  and  rates  of  com- 
l)ustion,  are  now  commonly  understood,  but  were  much  in  doakt 
])rior  to  the  advent  of  the  Purdue  plant.     It  has  shown  tint  the 
American  locomotive  will,  under  favorable  conditions,  develop  in 
indicated  horse-power  upon  the  consumption  of  from  twenty-five 
to  twenty-six  pounds  of  steam  per  hour;  a  fact  which  ten  yew 
a^o  Avas  accepted  with  expression  of  surprise.     It  has  served  t» 
d<'fine  tlie  evaporative  performance  of  the  locomotive  boQer.   It 
lias  demonstrated,  contrary  to  a  belief  once  held,  that  stetm 
frnm  rlie  h)comotive  boiler  is  practically  dry.     In  the  difldusion   | 
concerninu*  tlie  advantage  of  controlling  the  output  of  power  ky 
means  of  the  reverse-lever,  rather  than  by  the  throtde,  wbicb 
was  current  ten  years  ago,  a  conspicuous  part  was  given  iwnte 
oljtjiined  from  tlie  laboratory.     It  has  shown  that  in  a  simple 
eniiine.  the  maximum  cylinder  performance  results  from  a  cut- 
off, which  is  between  the  limits  of  ^  and  J  stroke,  and  hasdem- 
on-rrat"<l  thc»  whole   relation  of  steam   consumption  to  cut-o^ 
iimhr  a  cnn<ideral)le  range  of  speeds.     Among  the  more  speciil- 
i'/A't]  ]>rol)lems  that  were  undertaken  may  be  mentioned  a  Study 
of  the  vnlue  of  the*  steam  pipes  \nthin  the  smoke-box  when  le- 
.hiiHjmI  ji-  superheaters;  the  extent  to  which  fuel  loss  is  involvrf 
in  the  di^cliarae  of  sparks  from  the  stack,  under  different  nx» 
of  comhustion;  the  action  of  the  steam-jet  as  a  means  of  prodndi^ 
•  Iranght,  and  an  investigation  of  the  proportions  which  f or  miii- 
nmm  olHciencv  should  be  2:iven  the  exhaust-pipes  and  stack   Thus 
far  three  diffiu-cnt  locomotives  have  been  on  the  second  plttt 
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" Schenectadv  Xo.  I,"  the  Strong  balancpd  compound,  which  was 
thoroughK-  Icatfd,  and  "  Schenectady  No.  -2."  The  plant  is  con- 
cerned at  tlie  present  time  with  an  exhanstive  study,  which  is 
planned  to  disclose  the  advantage  of  high  steain  pressure,  in  the 
course  of  which  pressures  as  high  as  250  pounds  are  being  em- 
ployed.* 

IV.  Erperiments  of  Mr.  Robert  Quayh  at  Kau1caiina.—\ii  1803 
tiie  American  Railway  Master  Mechanics'  Association  apjKiinted 
a  committee  to  investigate  and  report  on  exhnnst  nozzles  and 
Iteam  passages.  This  committee,  appreciating  the  difficulties  to 
be  met  in  conducting  tests  upon  the  road,  had  arranged  to  use  in 
their  work  the  testing  plant  of  Purdue  University,  but  before  the 
actual  work  was  begun,  the  fire  of  January,  1894,  interrupted 
their  plans.  Having  been  thus  temporarily  deprived  of  the  means 
for  advancing  their  work,  the  chainnan  of  the  committee,  Mr. 
Hobert  Qufiylc,  then  master  mechanic  of  the  Chicago  and  Nortli- 
western  Railway,  designed  and  erected  at  South  Kaukauna,  Wis., 
R  trmpiiriiry  tc-tiiif:  plaui,  which  served  a  very  useful  pnrpofie.f 
A  four-wheeled  truck  from  a  passenger  car  was  lengthened  out 


*  Tti«  f(i]1i>wini;^  arc  among  tlic  ninro  formnl  publlcAtbna  whkb  liavo  brnn 
iMUPd  nlDct-  tli<>  rp-fHtnttliHlinicut  of  tin-  Purilue  loroiiiotlTe  trattnf  pl&nt 

"  Notrs  Concerning  the  Perforuinncr  of   Puwlue  Lwnriiotive   Schoii'M't^dy. 
pR>ce«Hlln^  i)f  the  WpRiem  Railwny  Hub,  May.  1^96. 

"  Sli'BUi  PIjiwi  Within  Lwnniolive  S look o- boxes  iw  »  Mi-aim  of  Su|iprbr-ating.! 
lUIIwii}'  Itcvkw,  July  23.  1894. 

"Tbc  KiTMt  of  Higb  llntea  of  Cnm biiHlInn  tTpnn  thn  Effldrnry  of  Looiuotf* 
Bcrflera."     Prneeeclinpi  of  the  New  York  Hailm«a  Club.  Si-pM-.ntwr,  I^IW. 

"  Somp  KbcIo™  Affectiiif;  tlit'   I'owpr  of  I^icomottvpii."     I'lM-eeilltigs  of  tht 
K*<r  RnglAnil  Hal Irnnd  Club.  IWrinlx-r,  llHll. 

•■  T™iH  of  ilio  Boiler  of  the  Piinliie  I^nmotlvc,'"    TraiimtrUin'  nf  tb*  \ata\ 
MB  Society  of  Mwhanical  Engliieorc,  Voluitiy  XXll. 

"  R*pont  Programs  in  rbi-  Dr-slgn  of  IitxromoUvc  From  Eniln."    PtormJlngs  of 
CteUml  tUllnay  Club,  Novciulior,  HlOil. 

"Th«>  Fomi  <if  tlio  ExbuuHt  Jet."  roiwtitiitiihg  n  part  of  (hf  "Kepntl 
ExliKusI  V^V^  nnd  Sl^am  PnantgCH,"  by  a  eommltli^r.  ProcBodlngv  nt  Aioei' 
Rallmiy  .Muiti-r  Mcv-bvuiiV  As-wiatloD.  VuIuDie  XXIX. 

Other  poblkationB  which  iiuve  ixfii  tntipired  by  the  work  of  tlie  laliorel 
iod  wliicli  prciHinl  rbr  rt  ^iiltx  olitabiMl  tbfrafroni  am  ax  followi 

■■  l.oFonintlv«<  C<|>iirkK,  "    W.  F,  Al.  (Juu.    Juliii  Wiley  &  Sonit.     1909, 

B*port  of  commiui'i-  ou  '-Efflcii^iify  of  High  Strnm-Prcmure  for  I. 
U*«B."      Prorecdliiga   Anii^rlcBii    Kuilway   Meslcc  MecliKitlcM'   A>-«wiat1»n,   1899. 
Volume!  XXXI. 

fKor   iloseriiilion   aiifl   i>lanH  sec    "  rraeoBdlngit   .\iacTleaD   Ballnay   Mwtt«r 
MeehimiCT' Associailon,"  ri.rlMU4. 
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to  make  the  spacing  of  its  wheels  agree  with  tliat  of  tbe  ^ 
111'  ilic  locomotive  it  was  proposed  to  mount.  The  tmcknifta 
tiirni.-il  bottom  side  up  and  securely  fastened  to  a  heavy  tinibn 
funudation,  sunk  in  a  pit,  to  bring  the  tops  of  the  wheels  lerd 
witli  the  rails  of  a  nearby  track.     The  truck  thus  mounted  w» 


I:;dicator  Riogino,  Secokd  Fuamne  Plabt. 


Who 
itfi  fi 


1  will)  its  usual  axle  boxes  and  brasses,  but  the  flanges  of  tlit 
-Is  ivcri'  removed.  Each  of  the  four  supporting  wheels,  wiid 
-  ilius  provided,  was  fitted  with  two  brake  shoes,  whidi  wm 
itrlir  into  action  by  means  of  levers  and  an  air  cylinder  of  the 

I  Jonii.  lint  to  make  easier  the  maintenance  of  the  bnUng  : 
111.  watfv  in-teail  <^i  air  was  used  in  the  brake  cylinder.  Jet 
■at.r  weri'  ari-angcd  to  ]>lay  on  the  brake  shoes  and  tAwIi 
tlie  piir]>nie  of  carryinj:  away  the  heat  developed.  Upontlx 
liiiuiirtJi  tlin^  hastily  i)rovided,  an  eight-wheeled  locomotire 
iiKiiiiitcLl,  heavily  braced  at  the  rear  to  hold  it  in  poutimt- 

II  ill  ninniug  the  vibration  became  so  severe  as  to  enduger 
ufrs,  a  foeoiid  locomotive  was  backed  down  the  tni 
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^liead  of  it,  wliicli,  with  the  brakes  set,  proved  an  effective  stop. 
C^na  moimteU,  the  experimental  locomotive  was  operated  under 

considerable  range  of  speed  and  load;  its  cylinder  power  was 
Ddicated,  and  the  draft  and  back  pressure  determined  for  a  series 
if  changes  in  the  proportions  of  the  mechanism  of  the  front  end. 

Xhe  plant  served  to  permit  the  operation  of  the  locomotive  at 
|i|Bimmu  power  and  at  speeds  as  high  as  forty  miles  per  hour. 
^ne\r  of  this  plant  from  a  photograph  is  shown  in  Fig.  4111.* 
I^period  of  its  operation  was  short,  but  the  results  obtniiu'd  from 
f  fbavc  served  an  important  part  in  the  development  of  curivct 
leory  with  reference  to  the  action  of  the  front  end.  Its  eatablish- 
SDt  haa  served  also  to  demonstrate  the  comparative  ease  with 
hich  a  full-sized  locomotive  may  be  mounted  for  experimental 
orfc. 

V.  The  Plant  of  ths  Chicago  £  Nortkwegtem  Railroad  Co. — 
k  1895,  Mr,  Quayle,  having  become  auperintendent  of  motive 
>wer  of  the  Chicago  &  Northwestern  system,  a  pennancnt  loco- 
f>tive  testing  plant  was  erected  at  the  company's  shojw  at  West 
ortieth  Street,  Chicago.  Its  purpose  was  to  afford  facilities  for 
LVCatigating  important  questions  of  dedgn  upon  a  road  having 
nproximately  a  thousand  locomotivea,-!- 

'A  Bide  and  end  flevatiDu  of  the  plant  is  f^howu  by  Fig.  -It'.  It 
anipi<>s  one  stall  of  a  busy  round-house,  an  adjacent  track  being 
^tDable  for  a  car,  or  for  the  tender  of  the  locomotive,  from 
which  supplies  of  fuel  ure  drawn.  A  platform  extending  from  tho 
SIT  or  tender  to  the  foot-hoard  of  the  locomotive  under  te*t,  9»p- 
(Jiw  space  for  weighing  tho  coal  as  it  is  wheeled  in  a  barrow 
lerosfl  to  the  tircuieii,  A  permanent  arrangement  of  calibrated 
atiks  MTvcM  in  di-leriiiining  iht  quantity  of  water  delivered  to 
lie  locotiiotive  injectors. 

The  pit,  in  which  tho  mounting  machinery  is  erected,  in  fifteen 
eet  wide  and  twenty-eight  feet  long.  Tho  bottom  is  covered 
rith  gravel  eighteen  inches  deep  and  drained  to  the  centre.  In 
hit  gravel,  wliich  servos  as  ballast,  are  laid  heavy  cross-ties,  on  the 
op  of  whicli  ure  lieavy  longitudinal  timbers,  capped  by  continuous 
•«d-plale.i  of  cast-iron,  ('  (Fig.  418  1).  Thew  carry  cnst-iron  j'uir- 
lal  biixeN  for  tlie  axli  *  of  the  cupporting  wheel*.  The  bed-platee 
live  a  rack  exicTidiiig  ihroughoiil  their  length  into  whifli  engages 

'"Report  on  Eihaa^t  Nozxlim  tnd  tltrnm  Fass«|p^.''  Procvedlngv  AmeflnJI 
miirtr  Master  MechHnicx'  As<!i>r1at)ijii,  1804.  pRg"  1(M. 

t  "Mo.l<-rn  Lopomc.llv.-v-     Piil,li»l..Hl  by  the  Itailroad  U>M,\te.  1807. 
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a  small  pinion,  attached  to  the  journal  box.  T-slots  in  the ' 
])lates  receive  the  bolts  of  the  journal  boxe^.  The  whole  am 
iiieiit  is  sucli  that  by  manipulating  a  ratchet  on  the  sbaft  M 
j)inion,  the  boxes  mav  be  easily  and  quickly  moved  along  the 
j)lates  to  suit  the  location  and  spacing  of  drivers  of  any  loc 
tive  to  be  mounted  upon  the  plant. 

The  supporting  wheels,  A,  are  old  fifty-six-inch  drivers, 
plain  steel  tires,  having  their  inner  edge  turned  with  a  i 
corresponding  to  that  of  a  rail  head.  At  present  there  ai 
three  sets  of  these  wheels,  and  provision  is  made  for  the 
duction  of  a  fourth  set  when  needed.  The  relative  arrang 
of  su])])orting'  axles,  wheels  and  brakes  is  shown  in  Fig.  417. 

'I'he  l>rake-wheels,  B  (Figs.  418),  are  cast-iron,  chilled  up 
faces,  and  thirtv-three  inches  in  diameter.  About  each  bi 
a  ?^teol  l)aii(l,  (r,  ]-iu.  by  5^-ins.,  the  ends  of  which  are  at 
to  the  arms  of  bell-crank  lever,  F.  Within  the  steel  bai 
series  of  east-iron  shoes,  i?,  which,  by  a  suitable  movement 
bell-crank  lever  may  be  brought  into  contact  with  the 
wheel.  Facli  shoe  has  a  lug  on  its  back,  which  projects  t 
a  hole  in  tlu^  brake  band,  and  is  held  in  place  by  a  split  pn 
longer  arm  of  the  lever,  F,  is  attached  to  the  piston-rod  ol 
eylin  Jer,  E,  under  the  influence  of  which  the  shoes  are  i 
bear  upon  the  brake  wheel.  The  trunk  pistons  of  the  ai 
ders  are  six  inches  in  diameter  and  are  fitted  with  cup  1 
Tlu^  air-cylinders  are  supplied  by  a  flexible  connection,  E 
])erini(s  the  supporting  axles  to  be  changed  along  the  be 
This  leads  to  a  small  air-reservoir,  which  in  turn  is  conned 
\]\o  air  eoiiipressor  of  the  shop.  The  speed  of  the  locom< 
tlie  ]>]aiit  is  automatically  controlled  by  means  of  an  ( 
tluottliu^r  engiiK^-governor  in  the  air-pipe,  the  pulley  of  ^ 
belted  to  one  of  th(^  supporting  axles.  When  the  gov 
once  set,  the  brakes  will  adjust  themselves  in  such  a  mi 
t<»  liold  tlie  locomotive  at  a  constant  speed.  .  By  the  use  o] 
of  suitable  size  on  the  governor,  any  desired  speed  of  the 
tive  mav  be  maintained. 

'Vho  bi'akes  are  cooled  by  being  entirely  submerged  i 
'i'o  jiermir  this  tlie  brake  wheel  and  band  are  surrouni 
sliei't-ii'nn  ea>iiig,  X  (Figs.  4 IS).  A  packing  box  is  provide 
vent  tlic^  entrance  of  water  into  the  journal  boxes  of  the 
ing  axles,  and  the  slight  leakage  which  occurs  at  this  pc 
no  trouble.     A  stream  of  water  passes  constantly  into 
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igh  K  and  out  through  the  overflow  /.  Thus  far  no  dyna- 
eter  haa  been  applied  to  this  plant,  and  no  attempt  is  made 
easnre  the  draw-bar  puli;  but  the  engine  is  held  in  position 
eing  coupled  to  a  strongly  constructed  frame  work  in  the 
A  fixed  pipe  having  vertieal  udjiisttuent  carries  away  the 


Fio.  418— Rhakeb.    Eroink  Tistins  Plant.    C.  &  N.  W.  BT. 


ke.  To  facilitate  ibe  placing  of  engines  uixm  tho  plant,  tlio 
hanisin  shown  hv  I-'i^'.  41!*  haw  been  provided.  On  the  inKido  of 
supporting  wheels  art'  tw<i  tiftet'n-inch  I-hcaui«.  (J.  twenty-five 

long,  having  a  portion  of  their  outer  flanges  cut  away.  Upon 
e  I-bemns,  grooved  rails,  //,  are  secured  to  carry  tho  flanges 
he  locomotive  wheels.     Those  T-beains  are  supported  at  each 

by  a  system  of  link-work,  connecting  with  an  air^ylinder, 
ly  means  of  which  they  may  be  raised  or  lowered  tis  occasion 
■  require.  In  Fig.  41!)  tho  I-beams  are  shott-n  in  their  lowest 
tion.  By  admission  of  air  to  the  cylinder,  the  bar,  0,  ia  raised, 
ating  the  I-beam,  G,  wliich  are  guided  outward  by  links,  ^,  into 
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values  of  different  coals;  the  efficiency  of  different  types  of  loco- 
motives at  different  speeds  and  cut-offs;  the  effect  upon  perform, 
ance  of  changes  in  the  lead  and  inside  clearance  of  values,  and 
in  the  detection  and  correction  of  certain  defects  in  the  design  of 
valve-gears.^  While  comparatively  few  results  have  been  pub- 
lished from  this  plant,  it  has  proven  to  be  a  valuable  shop  ap- 
pliance. 

VI.  The  Plant  of  the  Columbia  University. — ^In  1899,  the 
Baldwin  Locomotive  Works  presented  to  Columbia  University 
the  locomotive  "  Columbia,"  which  had  been  exhibited  by  them 
at  the  Columbian  Exposition  in  Chicago,  in  1893,  on  condition  that 
the  University  suitably  mount  it.  This  engine  is  a  Vauclain  com- 
pound, having  cylinders  13  and  22  by  26  inches,  and  was 
designed  for  fast  passenger  service.  The  boiler  carries  180 
pounds  of  steam  pressure.  Its  weight  on  drivers  is  83,140  pounds, 
and  its  total  weight  in  working  order  is  126,600  pounds.  The  gen- 
eral arrangement  of  the  plant  is  shown  by  Figs.  420  and  421,  the 
details  of  the  dynamometers  by  Fig.  422,  and  the  brake  construc- 
tion by  Fig.  423.  In  negotiations  leading  up  to  the  gift,  the 
University  was  represented  by  Prof.  F.  R.  Hutton,  under  whose 
direction  the  machine  was  finally  installed. 

The  location  of  the  University  at  Momingside  Heights,  remote 
from  railway  connection,  made  it  necessary  to  dismantle  the  en- 
gine in  anticipation  of  its  delivery.  It  was  then  transferred  by 
boat  and  truck  and  afterwards  re-erected  in  the  laboratory. 

Referring  first  to  Figs.  420  and  421,  the  supporting  wheels,  4, 
have  cast  centres  and  steel  tires  and  are  sixty  inches  in  diameter. 
The  bearings,  carrying  the  supporting  axles,  rest  upon  timbers,  D, 
which  cap  a  steel  girder,  E,  extending  the  full  length  of  the  pit. 
These  girders  are  carried  by  the  end  walls  of  the  pit;  they  are 
not  supported  at  intermediate  points.  Motion  of  the  locomotive 
as  a  whole,  is  prevented  by  its  being  coupled  to  a  buffing  post,  C. 
The  truck  wheels  are  carried  by  short  sections  of  track,  at  the 
level  of  the  floor.  The  front  and  back  edges  of  the  pit  are  capped 
Avith  iron  plates,  on  which  rest  I-beams,  F,  extending  the  length 
of  the  pit,  carrying  rails.  These  serve  as  guard  rails  and  may 
also  serve  as  a  means  of  running  the  locomotive  on  or  off  the 
plant.  The  power  is  absorbed  by  four  Alden  brakes,  each  of 
400  nominal  horse-power.  They  are  of  the  multiple  disc  type, 
having  the  form  shown  in  detail  by  Fig.  423.  In  this  figure, 
letters  A  indicate  the  moving  discs,  and  the  letters  B  the  copper 
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li  lie  on  either  side  of  the  discs  and  which  are 
the  enveloping  case.  Cooling  water  circulates  in  the 
ntering  from  both  sides  of  the  case  by  the  pipe  D 
discharged   from    the   centre   by   the    pipe   E.      All 


'en  tho  L-op]H' 


pli.tes  , 


llie  moving  discs  U  filled 


Jon,  the  dim-H  .!  turn  with  the  supporting  axloH  while 
fllates  li,  with  i\u-  mise,  urt-  provt-ntM  from  turning  by 
system  of  levers,     Tlie   worlt  done  by  the  brakes  is 
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regulated  by  varying  the  water  pressure,  which  controls  the 
pressure  of  contact  of  the  copper  plates  with  the  moving  discs. 
F  h  B.n  automatic  regulating  valve,  designed  to  control  the 
supply  of  water  to  the  friction  brakes,  for  the  purpose  of  keefong 
the  dynamometer  levers  always  in  balance. 

The  power  absorbed  by  each  of  the  four  brakes  is  measured 
by  a  system  of  weighing  levers,  Figs.  422.  In  this  figure,  thrust 
rods,  A  and  B,  connect  the  brake  casee  with  the  levers  in  such  a 
way  that  when  the  engine  is  in  a  forward  motion,  the  rods  A  trans- 
mit the  force  downward  to  the  levers  C,  rods  B  transmitting  no 


Fig.  433a. 


stress;  and  when  in  backward  motion,  the  rods  B  push  down  on 

levers  D,  the  roils  A  ni  tliis  case  transmitting  no  stress.  The 
effect  of  this  arrangement  is  to  transmit  a  tensional  stress  to  the 
rods  il'  connecting  with  the  ends  of  weighing  levers  F, 
whether  the  engine  is  in  forward  or  backward  motion.  The 
long  arms  of  the  levers  F  carry  the  weight-holders  G.  Ob- 
viously the  arms  of  the  levers  C  and  D  are  in  the  same  ratio  to 
each  other,  Tlie  power  absorbed  by  the  four  brakes  plus  the 
power  absorbed  by  the  journals  of  the  supporting  axles  is  the 
power  delivered  from  the  locomotive  drivers.  Consequently,  the 
weighings  made  at  the  brake,  when  suitably  corrected,  may  be 
reduced  to  an  equivalent  draw-bar  pull.     No  traction  dynamom- 
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for  the  direct  measurement  of  the  draw-pull  is  included 
I  equipment  of  the  plant. 

B  discharge  from  the  locomotive  stack  is  into  a  hood  con- 
i  with  a  horizontal  duct,  which  is  served  by  a  steam-driven 
3vant  blower,  deli vf  ring  into  a  flue  in  the  wallof  the  building. 
a  locomotive  plant  is  fuUy  equipped  with  accessory  appar- 
Eor  obtaining  all  data  necessary  for  complete  engine  and 
'  teats.  In  addition  to  tlie  provisions  made  for  normal 
ng,  the  locomotive  has  pipe  connection  with  the  general 
.  supply  of  the  laboratory  and  may  be  operated  by  steam 

the  stationary  boilers. 

e  Columbia  plant  has  served  a  useful  purpose  in  the  routine 

ansy  laljoratory. 

I.  The  Plant  of  the  Pennsylvania  Railroad  System  at  St. 

I,  Mo* — The  Pennsylvania  Railroad  System  has  this  year 

led  as  a  portion  of  its  exhibit  in  the  Department  of  Trans- 

tion  at  the  Louisiana  Purchase  Exposition  at  St.  Louis,  a 

lotive  testing  plant,  which  is  being  operated  during  the  seven 

ha  of  the  Exposition.     At  the  close  of  the  Exposition  the 

will  be  poruiauentty  located  at  Altoona  as  a  part  of  the  Corn- 
's physical  lalwratory  equipment. 

ic  general  arrangement  of  the  plant  is  shown  by  Figs.  424, 
»nd  42(t,  in  which  similar  letters  designate  the  same  parts  on 
latee.  The  principles  underlying  its  design  are  the  same 
lose  which  have  controlled  in  the  development  of  previoua 
a;  but  it  is  as  gratifying  aa  it  is  logical  that  this  latest  devel- 
int  of  the  testing-plant  idea  is  of  greattT  capacity  and  far 

perfect  in  its  details  than  any  which  have  preceded  it. 
continuous  concrete  foundation  carries  the  two  longitudinal 
•lutcfi,  A,  and  extemls  under  and  forms  a  part  of  the  boso 
tirting  the  traction  dynamometer.     The  l^ed-plales  arc  pro- 
I  with  longitudinal  T-wlots,  »<i  that  the  pedestalB  carrying  the 

liB  Pcnns.TWsnin  Sj'stcm  hits  tlm»i  far  pulilialied  onlj  ■  Kt-neral  deMripllon 
t  plant  (Bnllello  No.  2),  and  ns  the  writer  is  not  Hnthortxod  to  KiitM[wta 
3p»ii;  iti  il!i  pIsHB,  B  di^scription  of  tts  mftti;  iDti'iVRtliig  dnUlla  to  D»en- 
■nitted.  Tbe  Ugh  vilun  of  the  plant  maj,  however,  ba  Juilged  troni  tbn 
it  ha  de«lgD  bos  been  muilc  to  ineluile  erer;thlng  nlilch  gavi>  pmmlu  ot 
ftsB.  «l(Iier  hj  iocreuiitig  llie  fiLrillt;  wltli  nhicli  work  may  Lw  Jon«,  or  by 
r  •  hlKhet  degree  of  accurue]-  in  ihi-  obiwrvi!il  d&ta  olitaineil,  Th«  gentnl 
ttith  ItB  ruMbineiy  details  wax  (Ipvelnped  bj  Mr,  A  S.  Vngt,  Mfrchnnlckl 
n'  of  the  Penniif  Iranla  Rallnmd  Cuiupaiij.  ilauy  of  iis  duvluu  ■.»  betu- 
their  oonceptloDKnil  nutline. 
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axles  of  the  supporting  wheels  can  be  adjusted  to  the  spadi 
tho  locomotive  driving  wheels.    Two  sets  of  supporting  wheel 
.•supplied,  one  consisting  of  three  pairs,  72  inches  in  diamete; 
use  under  passenger  locomotives;  and  the  other  set  of  five 
50  inches  in  diameter,  for  use  under  freight  locomotives, 
supporting-axle  has  its  o\\ti  pedestal  and  journal  boxes. 

The  supporting  wheels  resemble  in  form,  the  usual  locoii 
driving-wheels,  having  cast-steel  centers  with  tires  hfl 
shrinkage  and  by  retaining  rings.  The  contour  of  the  t 
such  as  to  provide  a  tread  similar  in  form  with  that  pret 
by  the  head  of  a  rail;  outside  of  wdiich  and  separated  from 
a  wide  groove  is  a  light  flange  designed  to  keep  the  trea( 
from  oil  which  may  drip  from  the  locomotive  while  running 

The   e(}iiipment   includes   eight  Alden  brakes,   any  of 
may  be  used  upon  any  of  the  supporting  axles,  the  arrange 
being  such  that  one  or  two  brakes  may  be  attached  to  an  a 
conditions  may  require.     All  brakes  are  of  the  same  dime: 
and  are  of  the  two-disc  type. 

An  electric  crane  of  10  tons  capacity  serves  the  entire 
occHj)ied  by  the  plant.  By  its  use  the  supporting  axles  with 
wlu'cds  and  pedestals  may  be  easily  moved  about  as  cond 
may  re([uire. 

Cleans  for  bringing  the  locomotive  safely  to  its  position  c 
])lant  form  an  important  part  of  the  installation.  The  supp 
wheels  having  been  placed  in  positions  corresponding  t 
s})acing  of  the  drivers,  I-beams  resting  on  the  supporting  s 
and  extending  the  full  length  of  the  pit,  are  bolted  secure 
th(  ir  inside  faces.  A  grooved  rail  on  the  upper  flange  c 
I-beams  sn])j)orts  and  guides  the  locomotive,  which  rolls  to 
on  tlie  flanges  of  its  wheels,  leaving  the  treads  free  to  take 
])(wition  on  the  sn])porting  wheels.  When  the  locomotive 
])]ace,  tlie  s])eeial  rails  and  I-beams  are  disconnected  froi 
-iip}>orting  wheels  and  removed,  so  as  not  to  interfere  wit 
o}H'ration  of  the  ])laiit.  In  cases  where  locomotives  have  fl 
]e>s  drivers  llie  groove  of  the  rail  is  filled  by  a  suitable  secti 
rolled  ste(l.  Power  for  moving  locomotives  on  and  oflf  the 
i<  snj>plied  by  tlie  overhead  crane  acting  through  a  suitable 
tnelde.  The  ti'aetion  dvnamometer  0  which  measures 
draw-bar  j)nll  and  Avhich  has  a  capacity  of  80,000  pounds 
lever  maehine  of  the  Emery  type.  Flexible  steel  fnl 
plates  take  the  ])laee  of  the  more  usual  knife  edges.    The  w> 
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lever  is  taken  by  a  vertical  plate  in  a  plane  interaecting 
the  receiving  fulcrum  platee  at  their  centre  of  rotation, 
ieving  the  fulcrum  plates  of  all  transverse  load.  The  yoke 
ing  the  dynamometer  and  to  which  the  draw-bar  is  at- 


is  also  mounted  on  flexible  plates  and  bracpd  by  long  ttud 
I  rods,  to  insure  frictinnh'ss  motion  in  tlic  lioriKontal  plane 
The  total  molion  of  lliis  yoke  and  druw-bar,  duo  to  the 
;e  of  the  machine  and  In  stress  of  part^i  when  under  full 
oes  not  exceed  four  ono-lniiidredths  of  an  iucii,  so  that  a 
rive  exerting  a  draw-bar  pull  equal  to  the  full  rapacity  of 
lamometer,  will  not  iimvc  forward  on  the  supporting  whticU 
ban  the  amount  specified.  The  draw-bar  ia  provided  with 
joint,  to  allow  for  any  side  motion  of  the  locomotive  on 
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its  springs.  Near  the  base  of  tbe  dynamometer,  tb 
iriotiou  of  the  ends  of  the  last  levers  is  transformed  i 
motion  by  means  of  steel  belts  wrapped  around  a  dn 
in  constant  tension  by  suitable  clamping  devices.  Th 
is  mounted  on  a  tube  guided  in  ball  bearings,  and 


is  ii  mil,  the  ujijHT  part  of  which  is  securely  fasten 
llic  I.Avi'i-  cikI  hciiifc  firmly  attached  to  the  frame  o 
'rill'  I'liiicri.iii  uf  tliL'  rod  is  to  form  a  frictionlcas  ; 
ilniiii.  Mil"',  otf.  It  tt-ill  thus  be  seen  that  ■ 
(h-iim  i>  rutiifi'd,  the  rod  inside  of  the 
loi'--inii.  iiiii!  itiis  resistance  fonns  part  of 
Hsfimi-i-  of  I  In'  iiiiu-Iiinc.  and  is  a  eonatant  for 
..{  the  ncinlin};'  ]K'ii.  To  the  upper  end  of  tb 
mentioned  urv  seciiieil  two  radial  amis,  the  extrei 
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lents  of  a  circle  having  their  centers  at  the  center  of 
.  The  angular  motion  at  the  end  of  one  ann  imparts 
line  motion  to  a  carriage,  guided  by  a  grooved  track  and 
the  recording  pen.  The  opposite  unn  is  coiiplod  bv  steel 
a  rotary  oil  dash  pot,  to  reduce  viol(>nt  oscillations  of 
rding  pen,  the  extent  of  which  can  lie  cootrolliHl  as  de- 
rhe  principal  resistances  in  the  dynamometer  are  flat 
which  may  be  changed  to  make  the  eight-inch  travel  of 
rding  pen  correspond  t6  a  draw-bar  pull  of  either  80,000 
40,000  poiinds  or  16,000  pounds  as  may  be  desired.    The 

■  pnll  and  a  datnm  line  are  traced  upon  a  strip  of  paper 
8  wide,  made  to  travel  at  a  known  rate  for  each  inilo  run 
locomotive.  In  addition  to  the  pens  tracing  the  draw- 
and  the  datum  lines,  five  other  pens  nrf-  provided  so  as  to 
on  the  diagram  each  square  inch  of  area  aa  recorded  by  an 
jr  attachment;  time  intervals  of  one  second;  each  thousand 
'eled  by  the  loeomittivc;  time  at  which  indicator  cards  arc 
md  one  extra  ]wn  for  any  special  record  that  nuiy  be 

This  diagram  will  form  the  permanent  reeord  of  the 

■  pnll,  together  with  the  other  information  recorded  upon 
'  yoke  of  the  ilynoninnietor  can  be  adjusted  vertically 
a  range  of  1'2  inches  by  means  of  a  wheel  //  in  order  to 
Klate  different  Iii'ighls  of  draw-bars, 

moke  from  the  ]o<'oniotive  is  carried  out  of  the  building 
ick,  which  can  l>e  moved  longitudinally  of  the  plant  to 
ition  retinired,  and  the  lower  portion  of  which  is  made 
c,  so  that  it  can  be  raised  and  lowered  for  adjiistiDotit, 
>ennit  the  passage  of  the  electric  crane.  The  stack  has 
■9,  SO  that  sparks  discharged  by  t!ic  hwomotivu  can  bo 
md  weighed,  giving  a  record  whicli  will  form  a  part  of 

obtained. 
L'p  constant  the  spct'd  of  n  locomotive  on  the  plant,  there 
ass  nronnd  the  main  valve  controlling  the  supply  of  water 
he  brakes,  in  which  is  an  antomutic  valve,  liaving  the 
a  throttling  govcnmr  ilrivcn  from  one  of  the  supporting 
'f  the  speed  of  th.'  loconiolivc  increases  beyond  the  de- 
iid>er  of  revolutiiiiH  ]icr  minute,  the  by-pB»8  valve  Opens, 
ing  the  water  prissurc  <in  the  brakes,  and  if,  on  the  other 
e  speed  of  the  locomotive  falls  ludow  that  desirod,  the 
e  valve  cloacs,  and  docrcnses  the  pr<-.i.>»ure  on  the  brake*. 
K'3  for  securing  observed  data  are  uunsualiy  complete. 
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Coal  IS  delivered  to  the  locomotive  in  weighed  boxes,  within 
reach  of  the  travelling  crane,  by  which  it  will  be  handled  one  box 
at  a  time.  Feed-water  is  measured  in  two  calibrated  tanks^ 
mounted  on  scales  to  facilitate  checking.  These  are  filled  alter- 
nately, and  discharge  into  a  third  tank,  from  which  the  injectors 
take  their  supply.  All  Abater  delivered  to  tanks  is  metered  to 
supply  an  additional  check.  The  equipment  of  such  minor 
accessory  apparatus  as  indicators,  pressure  recording  gauges, 
pyrometers,  calorimeters,  and  tachometers,  is  complete  and  of  a 
high  character.  An  adjustable  indicator  rigging  is  of  such  form 
as  to  permit  it  to  be  applied  to  any  locomotive,  and  requiring 
only  special  designs  of  brackets  suited  to  each  individual  case.  A 
valve-diagram  apparatus  may  be  used  at  speed  as  well  as  when 
running  slowly  to  record  valve  elipses,  showing  the  extent  and 
time  of  the  movement  of  the  valve. 

It  is  the  purpose  of  the  Pennsylvania  System  to  test  during 
the  period  of  the  Fair  twelve  different  engines,  running  from 
sixteen  to  twenty  different  tests  upon  each.  Each  locomotive 
tested  will  be  representative  of  some  particular  general  type. 
The  significance  of  the  undertaking  may  be  judged  from  the  fact 
that  the  operation  of  the  plant  involves  a  permanent  staff  of 
twenty-seven  men,  some  of  whom  are  concerned  with  securing 
data,  others  with  working  it  up,  and  still  others  with  the  prepara- 
tion of  matter  for  publication.  A  complete  outline  of  the  work  as 
originally  planned  by  the  advisory  committee  has  been  published 
as  Bulletin  No.  1  ''*'  by  the  Pennsylvania  Railway  System.  This 
outline  is  now  in  the  process  of  being  executed.  Bulletin  No.  2  f 
describes  the  mechanism  of  the  plant.  Other  bulletins  describing 
the  progress  of  the  work  will  from  time  to  time  be  issued,  and  at 
the  conclusion  of  the  test  all  will  be  combined  to  make  up  a  single 
publication. 

It  is  well  to  make  of  record  the  fact,  that  in  installifag  its 
plant  at  St.  Louis,  and  in  the  work  of  testing,  which  is  now 
in  progress,  all  involving  an  enormous  expenditure  of  money,  a 
single  railway  coin])any  makes  a  generous  and  most  extraordinary 
contribution  to  science.    In  their  appreciation  of  this  undertaking 

*  Locomotive  Testing  Plant  at  the  Louisiana  Purchase  Exposition.  Bulletin 
No.  1:  Organization,  Plan  and  Scope.  The  Pennsylvania  Railroad  Companj. 
The  Pennsylvania  Lines  West  of  I'ittsburg.  F.  D.  Casanave,  Special  Agent,  P. 
R.  R.,  Philadelphia,  Pa. 

f  Bulletin  No.  2:    Location  and  Description  of  Plant. 
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t  their  work  might  have  a  wider  direction  than  it  cmiH 
*e  have,  the  officials  of  the  railroad  company  early  called 
Jiety  and  thu  American  Railway  Master  Mechanics'  Aaso- 
to  its  aid,  asking  that  coqimitteea  be  appointed  to  assist 
1  their  work.  With  the  cooperation  o£  these  organizations, 
iaoiy  committee  was  formed,  which  has  since  served  as  a 
of  consultation  to  the  railway  company,*  The  Society 
t  fail  to  find  satisfaction  in  having  been  given  a  part  in 
}rtant  a  work. 

inclusion,  the  writer  is  pleased  to  acknowledge  the  im- 
,  aid  which  lias  been  rendered  in  the  preparation  of  this 
)y  Mr.  n.  V.  Wardwi'li. 


Edgitr  Worlhiiigtoii.f — Having  spent  the  greater  part  of 
in  dfi^igning  and  luiilding  locomotives,  altliongh  I  am  not 
aged   now,   1    feel   strongly   huw   much    we   are   indebted 


or^nlxation  under  wliicb  tlie  work  in  hn]Dg  advBiictid  aa  set  fiirlli  lo 
No.  1  U  pven  bolciw.  It  in  exppcted  tliat  Ihv  ndv1«ory  ixiiiiiiiittf<«  will 
M>d  from  lime  ti)  time  tu  includo  ucrtaia  oSciai  ruprewutUlvHo  i>f  fur 


atytitatiia  Railroad  b'ytleiii  : 

Turner,  Tliird   VlaB-i»reHiilen(,  Peonsjlninln  lines  west  of   Pittaburg  : 

Ely,  Chief  of  Motive   Vovrei.   PeDneylvBDia   liailnud  System; 
.Special  Agem.  PennB.vlTaniB  RailroBd  Sysreni  ;  E.  t).  Nolwi      ~ 

PonoajlTuila  RRllroHil  ('ompnD)',  Altimnn.  Pn, 

a  PuTfhatt  RxpimUiim  ; 

,ti  A.  Smith,  Cliiur  of  thii  Depurtmom  of  Tninsixirtollcm  Kibiblli.  l<ouU- 

ehaee  ExpositloD. 

AnVtSORT    r'llMMTTTKB. 

if  of  the  Amrv-'iii  SuHety  of  Meelmttieai  Engintiri: 

'.  M,  Ucias,   Hi'mi  of  tbu  Scboola  of   Engiiicvcring,    t'unlne   UotTertltr: 

I.  Uerr,  Ueneral  Maiiagur,   WeatingUouMe  Air  Brftkn  <V  ;   J,  B.  S*j[ini, 

nl  Enginei>r,  Americiui  Ijocumutive  Cu. 

if  of  tht  Amrru-an  Railwiti/  Mattrr  Mnhanin'  Auoeiation: 

Cl»rk,  aoperinlendpnt  of  Motive  P'lwer.  ("Iilcagn,  Burllnylmi  uit 
allway  ;  C  H.  Qncrcim,  Siiperinlendmit  of  SlioiM.  New  Vork  Ontnd 
ion  IliTpr  Railroad  :  II.  II.  Vuuglin.  AvHintant  Bupcrinteiideut  of  HulWe 
akp  Shore  and  Mlehigau  Southern  Uuilwaj', 

CiHiUTe,  Special  Agent  of  the  PennB^lTBuU  Rsllrond  Sysl^iu  ;  W,  P. 
Cbairnuj)  of  the  AdviHory  Ci)niml(ioo  ;  li,  11,  Vkagha.  8<M:rvtary  o(  ibt 
Committee. 
>bet  of  the  Instttutiou  of  Mecliuuical  Ed^ iQMn. 
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to  Professor  Goss  for  the  work  he  has  done  in  the  last 
ten  years  and  should  like  to  express  how  much  locomotive 
engineers  on  the  other  side  and  in  Europe  generally  appre- 
ciate the  tests  which  he  has  made  at  Purdue  University. 
Many  a  time  have  I  gone  to  the  tests  of  Professor  Goss,  more 
especially  the  beautiful  tests  which  he  made  of  pressure  on  the 
rail.  Several  locomotive  superintendents  in  England  expressed 
to  me  their  regret  that  they  were  not  able  to  be  present,  but 
unfortunately  at  this  time  of  the  year  in  England  they  are  very 
busy,  and  I  can  assure  Professor  Goss  that  they  agree  with  me 
that  we  owe  him  a  very  great  deal,  and  you  may  judge  the  genuine- 
ness of  their  admiration  by  the  way  Mr.  Churchward  is  imitating 
his  example. 

Prof.  W,  F.  M,  Goss* — Since  the  foregoing  paper  was  pre- 
sented and  discussed  I  have  made  the  acquaintance  of  Mr.  Michael 
V.  Gololoboff,  who  has  been  engaged  in  the  development  of  a  loco- 
motive testing  plant  at  the  PutiloflF  Works,  in  St.  Petersburg, 
Russia.  I  am  sure  the  details  of  this  plant  would  interest  the 
members  of  the  Society,  and,  by  the  courtesy  of  Mr.  Gololoboff 
and  his  assistant,  Mr.  S.  T.  Smirnoff,  Director  of  the  works,  the 
following  description  is  abstracted  from  a  larger  presentation. 

The  plant  is  supposed  to  be  the  first  of  its  kind  in  Europe.  Its 
plans  were  started  in  June,  1903,  and  the  plant  was  practically 
completed  May  1,  1904.    It  occupies  a  space  in  the  erecting  shop. 

The  plant  pro|>er  provides  six  pairs  of  supporting  wheels,  all 
of  which  are  provided  with  Alden  friction  brakes,  and  it  is  of  suffi- 
cient size  to  accommodate  the  largest  locomotives,  not  excluding 
the  Mallet  articulated  compound  of  the  B.  &  O.  The  supporting 
wheels  are  49^  inches  in  diameter,  and  can  be  adjusted  by  means 
of  slots  in  the  bed  plates  to  accommodate  engines  with  a  maximum 
driving  wheel  base  of  27  feet  11^  inches.  The  supporting  pedes- 
tal can  be  moved  bv  two  workmen  with  bars  working  into  racks 
forriied  in  the  bod  plates.  This  arrangement  is  similar  to  that  em- 
.  ployed  in  the  testing  plant  at  the  St.  Louis  Exposition  and  designed 
1)V  tlie  Peiinsvlvania  Railroad. 

The  water  for  the  brakes  is  supplied  from  a  steanu  pump 
through  an  aeenmnlator.  Differences  in  pressure  can  be  secured 
by  varying  the  quantity  of  water  in  a  tank  on  top  of  the  plunger 
and  by  using  counter  weights.  The  valve  in  the  steam  pipe  of  the 
pump  is  controlled  by  the  movement  of  the  plunger. 

*  Added  since  the  meeting. 
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3r  by  regulating  the  water  pressure  in  tlie  brakes  can 
lintain  a  standard  speed,  A  section  of  rigid  track  is 
tween  the  supporting  wheels.  It  it*  made  of  built-up 
he  rails  having  grooves  in  which  the  flanges  of  the 
■un.  The  track  is  supported  at  thf  middle  by  screw 
t  either  end  by  tapered  blocks;  these  blocks  can  be 
rd  or  outward,  either  raising  the  track  into  position  or 
out  of  the  way. 

ion  dynamometer  is  in  two  independetil  parts,  which 
ed  the  receiving  head  and  the  mea^^uriug  apparatus, 
is  essentially  the  same  as  that  employed  at  the  Pnrdiie 
.  The  latter  was  designed  by  Mr.  (iolnloboff  to  keep 
econl  of  the  tractive  force  exerted  by  the  locomotive 
est.  It  cnnsi.its  essentially  of  a  small  oil  sack  similar 
loyed  in  the  receiving  head,  against  which  a  piston 
ircssnre  on  the  sack  acts  through  tlie  piston  through 
ed  by  a  dash-pot  and  a  counter  load,  .ind  its  motion  is 
to  the  indicator  of  the  gauge.  The  latter  is  so  scaled 
.■ision  of  the  arc  equals  10  kilos.,  nrul  from  it  the 
•e  can  be  read  at  any  time.  From  the  dial  motion  A 
der  give^  the  intensity  of  the  pull,  Tlie  amount  of 
s  measured  in  two  graduated  tanks.  A  third  tank  is 
r  the  measurement  of  oil,  when  this  is  used  as  fuol. 
is  stored  in  a  large  hopper  outside  the  building  and 
I  weigliiug  Imekct  through  u  chute.  Tho  smokentack 
VI'  piirts,  so  tliiit  ii  vertical  a<ljustnient  can  he  secured. 
LMilat..r  is  (.Tie  of  tlu-  most  salient  elemenls  of  diffwf- 
this  ]>hiiif  olfers  from  others  of  similar  sort.  It  i« 
i'idcd  with  Jill  lii'customary  apparuliis  for  coiupletr 
satisfuetory  results  are  obtained  these  tests  may  re- 
on  the  roiid.  Tlie  l{us.*ian  state  railroads  and  the 
n  liailroud  (VietT)  ure  considering  the  erection  of 
s,  but  as  yet  no  work  Ii;is  been  started  on  either. 
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A    RATIONAL    BASIS   FOR   WAOES.\ 

BT  HARRINGTON  SMER80N,  NBW  TORK,  N.  T. 

(Member  of  the  Society.) 

1.  Both  the  coal  operator  and  the  wage  earner  know  bri 
what  they  are  selKng  than  the  average  manufacturer  b 
A\  hat  he  is  buying,  whether  coal  or  labor,  and  as  a  conaeqw 
the  latter  usually  has  the  worst  of  the  bargain,  which  is  wb 
h.is  own  fault.  I  couple  coal  and  labor  because  there  ism 
ultimate  similarity  between  them  as  objects  of  contract 

2.  The  coal  operator  aims  to  sell  tonnage.  He  owns  an 
whoso  quality  he  cannot  change;  he  mines  by  the  ton;li€I 
freight  by  the  ton,  and  if  you  will  let  him,  he  will  sell  by 
ton,  persuading  the  railroad,  factory  purchasing  agent  or  flt 
customer  that  coal  is  coal;  no  difference  except  in  his  price, «l 
li(»  is  willing  to  shade  a  little  below  that  of  competitors. 

f\.  The  purchaser  who  knows  his  business  is  not  deluded  I 
ton  j)rico,  particularly  not  if  he  is  running  a  torpedo  boil 
cruiser  on  a  premium  trial  trip.  He  buys  what  scales  do 
weigh,    namely   powery    and   if   the   factory    manager  can 

*  PreseiUod  at  the  Chicago  meeting,  May  and  June,  1904,  of  the  A** 
Society   of    Mechanical  Engineers,   and  forming  part  of  Volume  XXV « 

f  For  fiirtlior  discussion  on  this  topic  consalt  Transaetiont  %8  foWofrt: 
No.  :M1.  vol.  X.,  p.  (>i)0  :  "  Gain  Sharing.**    H.  R.  Tonoe. 
No.  441),  vol.  xii..  p.  755:  "  Premium  Plan."    F.  A.  Halsey. 
No.  047.  vol.  xvi..  p.  850:  *'  Piece  Rate  System."    P.  W.  Taylor. 
No.  !M)9.  v(.l.  xvii..  p.  1040:  *•  Drawing  Room  and  Shop  System."   F.O.M 
No.  J^'JH.  v.l.  xviii..  ]).  ;j4I :  "  Bonus  System  for  RewardiDg  Labor."  H-L.*" 
No.  !I05.  vol.  xxiv..  p.  1250:    "Gift  Proposition  for  Paying  Workmen."  W 

Uichaids. 
No.  1001,  vol.  xxiv.,  p.  1302:  "  Machine  Shop  Prohlem."    Ghas.  Diy 
No.  1002,  vol.  xxiv.,  p.  1:322:  "Graphical  Daily  Balance  in  Manuftctarp"  ^ 

Oantt. 
No.  1903.  vol.  xxiv..  p.  1837  :  "  Shop  Management.'*    Fred.  W.  Taylor. 
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:■  by  the  metered  kilowatt  he  will  forget  all  about  coal. 

caDHOt  obtain  measured  electric  power  or  water  power,  ho 
create  his  power  by  means  of  a  heat  engine,  and  here  again 

lucky  if  his  fuel  can  be  metered  to  him  in  cubic  feet  of 
al  gas,  or  in  barrels  of  crude  oil,  both  of  these  substances 
g  a  very  accurate  number  of  heat  units,  for  the  gas,  per 

foot  at  constant  temperature  and  pressure;  for  the  oil,  per 
1   or  pound. 

In  comparing  the  relative  value  of  coal,  oil  or  natural  gas, 
onsumer  can  only  be  guided  by  the  cost  in  dollars  of  brake 
-power,  and  if  be  is  wise  he  will  purchase  coal,  by  the  ton, 
ip8>  but  strictly  on  a  basis  of  dollars  ()er  thermal  units. 

When  a  ton  quotation  is  made,  the  sensible  purchaser  adds 
e  delivered  price  the  cost  of  unloading,  shrinkage,  cost  of 
sring  to  furnace  room,  cost  of  removing  ashes,  thus  obtain- 
he  total  cost  of  the  coal  as  used  in  the  furnace.     lie  will 

analyze  the  coal,  make  a  calorimetric  or  experimental  test 
i  beating  value  and  thus  determine  the  relative  cost  of  the 
units  in  the  coals  offered.  If  he  does  this  he  will  invariably 
that  the  best  coals  are  the  cheapest.  It  costs  on  the  average 
lore  to  mine  poor  coal  than  to  mine  goi")  coul,  probably  not 
uch;  it  coats  no  more  to  carry  to  inarkit  good  coal,  and  the 

operating  a  scam  of  good  quality  is  just  as  anxious  to  in- 
e  his  tonnage,  and  thus  add  to  his  margin  of  profit,  as  the 
r  of  a  poor  scam.  As  the  majority  of  dealers  and  pnr- 
rs  make  but  litlte  allowance  for  difference  in  heatinK  value, 
iwner  of  the  host  seams  has  to  sbado  his  price  almost  or 

to  the  level  of  the  price  of  the  poorer  coahi  of  his  com- 
T  for  tonnage. 

Within  the  last  year  I  have  seen  a  large  coiicern  buy  at 
$6  a  ton,  imported  English  coal  of  11,000  British  thennal 
— coal  with  which  steam  could  not  he  riinintainod,  and  later 
e  same  year  this  firm  made  chemical  analysis  and  oalori- 
r  tests  of  coals  offered,  securing  for  $:I.10  a  eoal  of  15,300 
ah  thermal  units.  The  first  coal  was  bo\ight  because  at 
ime  it  seemed  cheap  per  tim;  the  second  was  bought  solely 
ise  it  was  low  in  ])ni'e  [>er  heat  unit.     It  is  evident  that  two 

do  not  always  have  ihe  same  relative  value  at  difforent 
H.  At  Kome,  in  Alaska,  I  have  seen  coala  sell  at  $75  per 
owing  to  the  cost  of  iriuisportatlon,  the  oxpeuHcs  of  landing, 
rrying  inland,  of  dealers'  profits.     If,  in  «  camp  near  Nome, 
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a  coal  of  10,000  British  thermal  units  is  worth  $75  a  ton,  then 
a  coal  of  15,000  British  thermal  units  is  worth  $112.50  a  ton. 
Deduct  from  both  the  cost  of  delivery  from  Seattle  to  mine, 
say  $71  a  ton,  and  it  becomes  evident  that  the  purchaser  should 
not  have  hesitated  to  pay  if  necessary  $41.50  for  the  better  coal 
rather  than  $4  for  the  poorer  fuel.  I  knew  but  one  man  at  Nome 
far-sighted  enough  to  realize  that  what  he  was  paying  for  was  heat 
units,  so  he  imported  and  used  crude  oil. 

7.  At  the  furnace  door  the  connection  between  dealer  an3 
buyer  ceases.  After  having  sold  British  thermal  units,  the 
dealer  is  not  further  concerned  as  to  what  use  the  buyer  makes 
of  the  coal.  One  buyer  will  put  in  the  best  boilers  he  can  secure, 
install  a  condensing,  triple  expansion  engine  and  obtain  a  horse- 
power from  one  pound  of  coal.  Another  buyer  will  with  the 
same  coal  be  content  to  obtain  a  horse-power  for  seven  or  eight 
or  even  more  pounds  of  coal. 

8.  In  the  economical  consumption  of  coal  three  considerations 
enter: 

(1)  The  market  price  per  ton; 

(2)  The  quality  of  the  coal; 

(3)  The  efficiency  of  use; 

and  all  three  must  be  considered  to  obtain  heat  units  cheaply. 

Prices  are  quoted  per  ton  to  the  purchaser,  who  should  deter- 
mine qualities  and  buy  on  a  basis  of  heat  value  and  not  of  weight, 
and  finally  he  should  use  what  he  has  bought  so  as  to  obtain 
highest  results. 

9.  What  would  we  think  of  the  dealer  who  demanded  a  higher 
price  per  ton  because  the  purchaser  had  better  boilers  and  en- 
gines ?  Yet,  on  the  other  hand,  the  dealer  is  debarred  from  ask- 
ing a  price  based  on  his  heat  units  because  his  mine  conditions 
and  competition  for6e  him  to  sell  by  the  ton.  The  buyer,  not 
the  seller,  is  in  the  stronger  position. 

10.  In  contracting  for  labor  the  manager  should  consider  it 
just  as  he  does  coal  and  buy  it  in  the  same  rational  and  unusual 
manner. 

11.  The  wage  earner,  like  the  coal  operator,  is  forced  to  sell 
what  he  always  has;  namely,  time.  The  employer,  who  is  not 
interested  in  fuel  tons,  is  also  not  interested  in  the  wage  earners* 
hours  and  minutes,  but  solely  in  low  cost  of  production,  and  this 
he  can  only  secure  through  the  quality  and  efficiency  of  the 
labor  he  employs,  only  indirectly  and  remotely  from  the  hours 
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nployo  gives  him.  The  wage  earner  is  not  stalling  output, 
i  the  employer  buying  output,   and  any  attempt  to   biise 

on  output  is  as  irrational  as  to  base  the  price  of  coal  on 

and  engine  efficiency. 

There  was  a  time  when  labor  wns  in  a  condition  of  atatns. 
'orker  was  entitled  to  a  living  more  or  less  generous,  and 

pressure  he  turned  out  more  ov  Irsti  work,  just  as  sheep 
8  their  owners'  ranges  and  peacefully  submit  to  a  shearing. 
Utical  economists  and  students  of  sociology  the  substitution 
tract  for  status  has  been  heralded  as  a  great  advance,  just 

substitution  of  coal  bought  by  the  ton  for  wood  gathered 
it  measure  from  the  forest  was  an  advance,  Under  con- 
the  wage  earner  is  supposed  to  receive  an  agreed  upon 
and  to  render  a  definite  service,  ju.>;t  as  the  ton  of  cooJ  is 
ted  by  those  wlio  know  no  better  to  be  a  definite  measure 
it  supply,  Tliis  crude  basis  of  demanding  a  surrender  of 
md  leaving  tlie  particular  servicK  to  the  whim  of  the  em- 
worked  fairly  well  with  certain  passive  services,  in  which 
rather  than  effort  and  intelligence  constituted  tho  equiv- 
Time  reward  was  probably  originidly  based  on  military 
al  service,  in  which  long  periods  of  iilleness  alternated  with 
or  days  of  frenzied  effort,  much  as  firemen  are  employed  to- 
ft profession  in  which  pay  cannot  lie  ganged  by  iwrformance. 
»l80  probable  that  many  of  tho  tarlier  wage  earners  wore 
yed  more  for  the  sake  of  ostentatious  display  than  for  what 
troduced,  survival  of  wliich  wo  stil!  sec  in  tlio  barbaric  splen- 
E  two  postillions,  a  coachman  and  two  footmen,  all  in  gay 
,  taking  one  poor  man  or  woman  driving.  It  is  time  the 
.rial  world  moved  iiway  from  sucli  protol,yj)eB,  whether  mil- 
or  ostentatious,  and  by  advocating  an  entire  departure  from 
lilitary  type  of  manngeinent  for  factories  our  honored  mem- 
ir.  Fred  W.  Taylor,  plans  a  reform  far  reaching  and  deep. 

Military  and  naval  idleness,  ostentatious  time-ser^nng,  aro 
'anted  in  modern  intensive  production  and  anything  of  the 
should  be  more  obnoxious  to  tho  self-respecting  producer, 
is  directly  debased  by  it,  than  to  the  employer  who  cannot 
l>ut  feel  in  a  measure  exalted  by  considering  himself  a  cap- 
>f  tiuiidreds  iir  nf  Hniusiiiids,  If  a  nim-prngressive  father 
allied  to  a  prugrij^.-ivr  mm  an  e^tablishmpnt  with  1,000 
yw,  nn<!  tlie  bitter  wn^  iible  by  the  intniduclion  of  l)«iM«r 
Dcry  and  modern  lactbnds  to  turn  uut  more  and  belter  work 


872  A  RATIONAL  BASIS  FOR  WAGES. 

with  half  the  men,  even  though  he  doubled  their  wages,  he  might 
debase  himself  socially. 

14.  There  is  a  mental  laziness  in  talking  about  dollars  and 
days  as  if  either  were  a  humanly  measurable  quantity.  The 
cost  of  living  may  go  up  or  down,  and  I  have  heard  men  say  that 
there  were  certain  five  minutes  in  their  lives  which  they  would 
not  exchange  for  other  months.  When  the  wage  earner  sells 
time  the  employer  does  not  necessarily  obtain  anything,  not  even 
as  tangible  an  asset  at  a  ton  of  very  poor  coal.  Just  as  the  coal 
operator  has  foisted  tonnage  on  his  client,  so  the  foolish  employ- 
ing class  has  forced  the  wage  earner  to  foist  time  on  his  em- 
ployer, time  of  no  value  in  itself,  and  the  employer  blind  to  the 
essentials  of  the  transaction  builds  up  an  elaborate  system  of 
time  checks  and  time  keeping  (both  of  which  are  merely  in- 
cidentals and  not  essentials  in  good  system)  to  the  utter  neglect 
of  matters  much  more  important. 

15.  Some  thinking  employers,  realizing  that  time  in  itself  had 
no  value,  have  endeavored  by  means  of  piece  work  to  buy  out- 
put. The  analogy  of  coal  has  already  shown  that  outpvi  does 
not  enter  properly  into  the  contract  between  employer  and  wage 
earner.  When  he  sells  his  time,  the  wage  earner  does  give  some- 
thing of  value  to  himself,  even  if  it  may  have  none  for  his  em- 
ployer, but  he  can  no  more  accurately  and  justly  sell  output  than 
the  coal  operator  can  sell  horse-power  from  a  boiler  and  engine  over 
which  he  has  no  control.  It  might  on  occasion  be  convenient  tem- 
porarily to  measure  the  merit  of  the  wage  earner  by  his  output, 
just  as  it  might  be  convenient  to  measure  the  value  of  a  coal  by 
the  horse-power  obtained  from  it  in  a  given  power-house,  but  the 
moment  a  new  power-house  is  put  up,  the  moment  a  wage  earner 
is  coupled  up  with  better  facilities,  the  purchaser  falls  back  on 
the  market  price  of  coal  and  on  the  market  price  of  skilled  labor. 

16.  In  buying  coal  the  wise  purchaser  was  advised  to  buy  by 
the  ton,  to  base  his  price  on  quality  and  to  use  efficiently.  He 
should  act  similarly  when  he  buys  labor. 

17.  It  is  perfectly  possible  to  find  an  equitable  basis  for 
reward,  at  once  just  to  the  employer  who  wants  something  more 
tangible  than  the  abstraction  timej  and  to  the  wage  earner  who 
is  already  too  precariously  dependent  on  uncertain  wages,  when 
what  he  really  wants  is  a  steady  living.  The  wage  earner,  like 
the  lawyer,  has  four  different  things  to  sell: 

(1)  llis   time   and  liberty. 
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)  His  skill,  profession  or  trade. 

)  His  intelligent  co-operation. 

)  His  power  to  do  harm. 

-  Outpvt  is  not  among  these  nor  is  it,  except  in  rare,  and 

ral  distressing,  cases,  like  sweat  shop  work,  what  he  does  or 

Mil. 

living  daily  wage  is  due  to  every  man  who  signs  away  his 
ty  to  another,  whether  he  stands  around  idly  to  glorify  his 
[oyer  or  to  amuse  himself, 

f.  This  minimum  wage  is  a  matter  of  contract.  It  should 
lue  the  man  whether  he  is  present  or  absent  as  long  as  be 
lius  on  the  pay  roll.  This  is  the  wage  payable  as  equiv- 
t  for  assignment  of  time  and  loss  of  liberty.  This  part  of 
3ensation  I  shall  call  mioimum  wage.  Above  this  minimum 
ihould  receive  wlicn  at  work  at  his  trade  a  different  and 
3r  sum,  equivalent  to  the  current  wages  of  his  trade  but  in 
ty  made  up  of  two  distinct  parts,  namely,  the  minimum 
3  and  an  increment  duo  to  liim  for  his  profcs.-$ion  or  trade, 
have  in  this  tlie  basis  of  the  present  daily  wage  system  rcl- 
I  to  time.  Beyond  this,  however,  for  future  just  and  poace- 
relatioDS  between  employer  and  employee,  comes  the  most 
>rtaot  part  of  the  wage  earner's  reward,  numi'ly,  what  is 
him  for  exceptional  and  unusual  co-operaiion  cither  of  mind, 
,  or  both,  I  believe  that  in  the  old  days  of  privateering  the 
r  who  first  sighted  a  vessel  subsequently  captured  was  en- 
1  to  special  prize  money,  and  in  war,  actions  of  exceptional 
>nal  gallantry  are  specially  rewarded. 

I.-  From  the  nature  of  the  case  this  third  increment  of  w^ol, 
:;sponding  to  the  contingent  fee  of  the  lawyer,  mu«t  bo 
Hating,  payable  some  days  and  others  not,  bceau«o  eamod 
1  days  and  others  not.  In  many  cases  th«  cjiming  of  this 
sssional  wage  does  not  imply  harder  or  most  exhausting 
:,  but  more  intelligent  an<l  cooperating  work.  It  iinpltoi 
if  heart  and  head  in  addition  to  use  of  himds  and  eyes.  We 
it  say  that  these  three  forms  of  wages  are  paid  respectively: 
)  For  use  of  body. 
)  For  use  of  han<ls  mid  eyes. 
)  For  use  of  hciid  and  heart. 

..  It  is  foreign  to  this  paper  to  discuss  tiic  fourth  form  of 
58  due  to  the  ability  lo  do  harm,  Thii*  wage  may  be  no 
ir  than  the  extortion  of  the  blackmailer  or  the  ransom  of 
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the  brigand,  or  it  may  be  as  legitimate  as  the  fee  paid  a  k 
to  keep  out  of  a  ease. 

22.  As  the  State  fixes  the  minimum  age  and  the  mm 
hours  at  which  children  may  be  employed,  it  might  also,  at 
by  example,  fix  the  minimum  living  wage  below  which  no 
should  accept  employment,  and  thus  fix  a  minimum  stan( 
Supply  and  demand,  modified  by  some  extent  by  the  Unions, 
determine  the  second  wage,  and  the  third  is  a  matter  to  be 
wholly  to  employer  and  employee,  even  as  are  to-day  kw 
and  doctors'  fees. 

23.  The  employe  has  everything  to  gain  by  a  system  of  i 
and  accurate  records  which  will  enable  him  to  establish  his 
value  and  worth,  and  on  the  basis  of  which,  if  he  changes 
tion,  he  may  be  eagerly  sought  elsewhere.  Whoever  heai 
a  lawyer,  when  he  moves  to  a  fresh  location,  taking  witb 
from  the  mayor  of  his  old  tov^m  a  certificate  that  he  has  left 
orably?  The  ofiicial  court  records  show  whether  he  has 
cases  or  lost  them;  whether  he  has  been  a  blackmailer  or  fa 
to  his  clients. 

AVhy  should  not  the  machinist  going  to  a  new  locatioi 
'^  Here  is  the  record  of  work  I  have  done.  I  know  so  wel 
to  do  what  is  wanted;  to  combine  machine  performana 
b(^st  cuts,  feeds,  speeds,  as  to  lower  materially  the  averag 
of  production  of  any  operation  I  undertake.  I  expect, : 
current  machinists'  wages,  and,  secondly,  I  expect  so  mudi 
for  my  special  skill." 

24.  The  theory  and  application  of  triple  wage  can  h 
illustrated  by  a  concrete  example,  for  which  I  shall  sek 
case  of  a  locomotive  engineer — a  man  belonging  to  one 
strongest  and  most  conservative  unions,   re<;eiving  high 
owing  to  long  training,  special  skill  and  great  responsibi 

25.  Such  a  man  should  be  allotted  a  fixed  daily  rate  ol 
iiiiiiu  vvages,  to  be  paid  whether  he  runs  or  not,  whethei 
sick  or  well,  whether  he  is  suspended  or  in  good  standing 
a  111  ou  lit  of  this  daily  wage  is  determined  by  agreement  att 
re(!('iving  appointment. 

2().  Secondly,  under  the  usual  terms  of  his  own  or  his  i 
agreement  with  the  company,  he  receives  when  on  his  nu 
inite  and  agreed  upon  compensation  due  to  him  because  h( 
engineer  in  charge  of  a  train  and  under  orders,  whether  st 
on  side  track  or  running  sixty  mi^es  ^n  hour.     There  is,  ho 
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at  difference  in  engineers  and  in  firemen,  who  should  be 
\y  considered  with  engineers.  One  engineer  and  his  fireman 
wnd  into  the  shop  in  short  time  every  engine  they  nm  on. 
ker  engineer  and  fireman  succeed  in  getting  the  utmost  out 
eir  engine  even  under  the  most  trying  conditions  of  service. 

just  here  that  the  difference  cornea  in  between  man  and 
for  which  at  present  there  is  scant,  or  no  recognition,  a 
ence  that  corresponds  to  diflference  in  heat  units  of  coals, 

In  one  of  the  largest  of  American  railways  the  cost  per 
for  wages  of  engineers,  firemen  and  wipers,  the  cost  per 
:or  coal  and  the  cost  per  mile  for  locomotive  repairs  is  prao- 
r  the  same,  being  respectively  $.094t>,  $.09!J9  and  $.0807. 
ia  an  average  for  the  whole  road,  but  for  the  heaviest  en- 

both  repairs  and  fuel  are  relatively  greater.  It  is  in  the 
i  and  third  items  that  there  is  abundant  opjwrtunity  for  rail- 
companies  and  their  engine  crews  to  egmbine  to  effect  a 
;  in  which  l>oth  are  to  share,  and  the  relative  i-ights  of  each 

are  not  to  be  guessed  at  or  conceded  as  a  gratuity  or  bonus, 
ire  to  be  based  on  scientific  detail  study  as  reliable  as 
etermination  of  heat  units  in  coal  or  the  efficiency  of  a 
'  or  engine.  What  encouragement  is  Ihere  to  an  engineer 
)rk  and  toil  over  an  engine  that  some  other  engineer  has 
sfully  neglected?  What  encouragement  is  there  to  him  to 
)  put  an  engine  into  the  best  of  condition  if  the  next  man 
;ake8  it  will  allow  everything  to  run  ilown  and  go  to  ruin? 

An  engine  costs  twice  as  much  to^luy  as  n  few  years  ago, 
our  times  as  much  is  expected  of  it.  The  wear  and  strain 
Q  every  way  greater,  and  the  repairs  have  become  more 
.  It  is  easier  by  omission  of  unusual  cure  to  cause  dam- 
more  expensive  to  make  it  good,  yet  those  new  conditions 
not  been  met  by  any  corresponding  chango  in  the  reUtion 
en  employer  and  employe .  I  leavi'  to  otlien  who  know 
about  this  particular  subject  of  engines  than  I  do  to  evolve 
uitable  basis  of  mutual  gain  to  both  partiex.  [  cfin  imagine, 
ver,  that  it  might  he  possible  to  give  (ho  man  with  the  best 
i  the  pick  of  certain  engines,  the  selection  of  his  own  fire- 

and  in  addition  to  paying  him  by  the  day  and  by  the  reg- 
7un  basis,  to  give  him  an  ever-increaMi n:;  rate  in  proportion 
;  number  of  miles  liis  engine  runs  without  getting  into  the 
When  at  last  the  engine  has  to  be  sent  there  he  ia  laid  off  on 
ay  wage  basis,  possibly  with  the  privilege  of  superintending 
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ettect  tlie  three  rates  ot  wages. 

30.  It  will  at  once  be  objected  that  engines  m\ 
order  to  make  more  miles  than  they  will  if  assign 
This  objection  may  be  urged  against  this  part 
but  not  against  the  principle  urged,  yet  even  for 
one  who  has  not  studied  the  subject  thoroughly  a 
has  authority  to  speak  with  finality.  I  know  o: 
able.  It  is  a  curious  fact  in  railroad  and  other  ma 
clerks  and  facilities  are  lavished  for  money  acc< 
uicntary  help  begrudged  for  shop  records;  also  t 
and  improvements  that  would  yield  100  per  cent 
(M>st  are  not  made  simi)ly  because  the  records  ^>r( 
exist.  It  woidd  be  j)Ossible  to  work  out  this  er 
lem  so  as  to  obtain  maximum  of  engine  service 
of  engines,  maximum  wages  to  crews,  niinimun: 
an<l  lessened  expense  to  companies.  On  large 
engine  crews  alternate,  not  promiscuously  but 
on  a  railroad  there  need  be  no  hard  and  fast  ruL 
other,  but  a  scientiiic  adjustment  of  equipment 
iliat  some  engines  would  have  only  one  crew,  o 
have  thret^  crews,  with  chief  engineer,  and  ; 
;js>istiints,  and  some  few  emergency  engines 
crews.  These  matters  require  trouble  and  stud} 
niniiing  of  trjuns  on  time.  The  latter  part  of  r 
has  reached  a  high  state  of  perfection,  but  tl 
engineers,  engines  and  company  interests  to  one 
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mt  and  eager  cooperation  of  the  employee,  which  cannot 
tably  asked  for  without  generoua  special  compensation, 
nply  a  questioa  of  what  is  most  profitable. 
n  industrial  matters,  whether  production  or  wages,  there 
assihility  of  permanent  stagnation.  Whether  we  export 
>rt,  whether  we  depend  on  home  markets  or  on  colonies, 
ity  i3  ultimately  based  on  the  world's  crops,  and  these 
on  the  variable  rains  from  heaven.  There  are  fat  years 
1  years,  and  it  is  only  such  a  one  as  Joseph  who  is  able 
le  fat  years  to  comer  the  grain  market  and  the  lean  years 
ve  the  Egyptians  forever.  When  work  is  abundant,  em- 
it increases,  wages  rise;  when  work  is  slack,  emplojTiient 
!8  and  wages  fall,  a  double  loss  to  the  wage  earner — dearth 
oyment  being  far  more  serious  than  lower  wages,  and  in 
pect  the  census  and  other  reports  dealing  with  rise  and 
wages  have  been  most  misleading.  The  question  ia  only 
^htly  whether  the  average  wages  per  year  of  those  aetu- 
ployed  are  higher  or  lower,  but  whether  more  or  less  are 
d  in  their  own  trades  at  reasonable  wages, 
t  is  a  reflection  of  the  intelligence  of  the  State  that  when 
1  ia  done  to  correct  nature,  to  dredge  hsrhora,  build  sea 
mpound  waters,  regulate  rivers,  fight  against  diseases; 
)  much  more  is  meddled  with  that  might  be  letter  loft 
bsolutely  no  use  is  ninde  of  the  great  power  of  the  State 
iS  a  fly  wheel  for  the  energy  of  priiductiou.     Hero  at 

soinetJiing  in  which  Ihe  interests  of  oTiiployers  and  em- 
arc  one.  Whc'n  labor  iw  scarce  and  nmtcriiils  high,  gov- 
ts, national,  Htiile  mid  inuTiicipal,  should  carefully  ab- 
im  undertaking  f^rciit  works  of  creation  or  improvement, 
m  labor  is  plentiful  and  materials  low  in  prico  govorn- 
hould  carry  out  plans  held  in  reserve  for  just  such  con- 
There  is  no  other  means  at  once  so  powerful  and 
cal  to  minimize  the  ups  and  downs  of  both  labor  and 
It  is  in  the  pinver  of  government  to  cvtabli^h  a  raim- 
'age  (as  well  as  a  uiinimuiii  price  for  great  intaples)  at 
,  is  always  naiiy  U>  urideitako  groat  elcmi'ntnry  workii  of 
itility — dredging  eiuiiils,  for  instance,  or  opening  roads. 

such  manner  as  this  would  I  have  the  State  take  a  hand 
ng  to  fix  the  tiiiniiMuru  wage. 

)n   the  other  hand   evcrv   wage  earner  .ihould   keep  non- 
in  view  the  possibility  of  obtaining  a  much  higher  rate 
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than  the  average;  a  rate  wholly  due  to  his  own  reputation  and 
accomplishment;  a  rate  far  above  the  minimum  offered  by  gov- 
ernment, also  much  above  the  mean  due  him  as  an  able-bodied, 
skilled,  trustworthy  craftsman.  This  extra  rate  must  always  be 
based  on  the  fact  that  he  is  more  skilful  or  valuable  than  the 
average.  He  may  be  more  skilful  to-day,  just  as  a  prize  fighter 
may  be  the  champion  of  the  world  to-day,  but  next  year  both 
may  be  no  more  than  mediocre.  He  must  constantly  excel  if 
he  would  constantly  command  a  professional  price. 

36.  It  is,  however,  not  necessary  to  wait  for  the  slow  action 
of  an  unintelligent  and  unmindful  government.  Every  em- 
ployer can  test  the  cost  of  production  as  he  can  the  cost  of  horse- 
power, and  he  should  make  it  his  business  to  know  what  he  can 
aflford  to  pay  for  quality;  and  the  employer  who  systematically 
seeks  quality  will  find  that  the  best  coal  and  the  most  efficient 
labor  sell  for  less  than  their  relative  worth. 

37.  Believing  as  I  do  that  the  man,  machine  and  method 
efficiency  of  the  average  railroad  or  machine  shop  is  far  below 
what  it  might  be,  often  not  more  than  one-third  to  one-half  of 
the  ideal,  I  cannot  but  regard  disputes  over  wages  as  the  effect 
rather  than  the  cause  of  unsatisfactory  and  unscientific  relations 
between  employer  and  employee.  If  the  employers  had  been 
wiser  there  might  perhaps  never  have  been  any  union  antag- 
onism, only  reasonable  bargaining  as  there  is  to-day  between 
lawyer  or  doctor  and  client.  It  is  the  employe's  privilege  to  try 
to  obtain  higher  wages  and  shorter  hours,  but  not  as  an  induce- 
ment to  offer  less  worky  nor  yet,  perhaps,  more  work,  but  better 
work,  a  more  efficient  combination  of  man,  method  and  machine. 


DISCUSSION. 

Mr.  Emerson  Bainbridge* — I  think  I  am  right  in  saying  that  as 
in  all  engineering  work,  the  question  of  wages  enters  into  cost  to 
the  extent  of  forty  to  eighty  per  cent.,  it  is  very  proper  at  a  meet- 
ing of  this  kind  to  discuss  a  paper  which  bears  upon  this  important 
subject.  But  the  paper  itself  strikes  one  as  containing  many  very 
extraordinary  suggestions.  The  paper  might  be  described  as  an 
irrational  argument  tending  very  much  to  confuse  the  question  of 
the  difference  between  the  position  of  the  capitalist  and  his  work- 

*  Member  of  the  Institution  of  Mechanical  Engineers. 
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■n.  Indeed,  throughout  tlie  whole  paper  I  lieUeve  I  am  right 
'ing  that  it  assumes  that  the  employer  is  an  uncommercial, 
srienced,  foolish  person,  and  that  the  workingnian  is  n  dowii- 
?n,  in-iise<l,  ill-paid  servant.  As  a  larfre  employer  of  laltor 
;t  say  that  I  find  myself  entirely  unable  to  agree  with  hardly 
entimoiit  expressed  in  the  paper.  It  seenin  as  though  the 
•  had  suddenly  awakened  to  a  condition  of  things  which  those 
who  employ  workmen  largely  have  b^en  alive  to  for  a  long 

For  instance,  he  speaks  of  a  piirchaser  not  realizing  the 
of  the  coal  or  coke  he  purchases.  Take  the  coke  supplied  to 
it  furnace.     Surely  tlio  first  thing  a  linyer  does  is  to  make 

certain  that  he  agrees  with  the  producer  what  the  per- 
;c  of  sulphur,  what  the  percentage  of  water,  what  the  per- 
;e  of  ii«h,  and  what  the  percentage  of  phosphonie  should  be, 
e  takes  good  care,  having  ascertained  this,  to  bustt  the  price 
ys  flccordingfy.  Kow,  tliis  paper  assumes  that  this  common 
does  not  exist. 

this  paper  ha<l  l)een  prepared  with  the  object  of  suggesting 
means  uf  getting  the  iK'^t  out  of  labor,  I  think  it  might  have 
practical  value. 

ragrapli  .'iii  refers  to  the  slow  action  uf  uti  unintelligent  and 
idfnl  government. 

ea  this  ivfcr  tn  the  American  Government  or  to  the  Knglish 
rnmeiit'J  '     .Vt    first    1    tlionght    it    applied    to    our    (Jovern- 

becuuse  we  Iiiive  a  (ioveniment  thjil  ihuught  nothing  of 
ing  a  milliiin  inid  a  i|uartrr  a  week  for  two  years  and  n  half 
iviir,  but  .shrink>'  fnirii  spending  a  njillicm  upon  c<lncution. 
rest  llijit  both  here  mid  in  our  own  cdiiutry  riolK«Iy  is  better 
i-iated  tlLan  llie  niiin  wlm  di)es  his  lii'st  for  bis  employer 
uls  his  Ik's!  endeaviir  into  jiis  work.  I  am  reminded  of  n 
iwner  in  Ijincasliire  wlmse  mill  suddenly  stopped  and  a 
ind  men  were  left  iillc.  lie  tried  ti>  start  hia  engine,  but 
not,  and  lie  did  iii>t  know  wiiat  to  do.  So  he  sent  for  kd 
t.      The  exfK'rt    came;    hi'   looked   at    rile   engine,  and   then 

for  a  hauiiiLcr,  g;ivc  .luc  stroke  in  the  right  ploee,  and  im- 
lely  ihe  big  wli.-el  involved  and  the  mill  again  commonoed 
Having  got  lii<  nien  nt  work  again,  ihe  null  owner  told  tliQ 
t  to  send  in  his  liill.  The  bill  was  sent  in  and  it  amoiinted  to 
pounds  and  two  shillings.     The  mill  owner  thought  it  tiW 

and  he  wrote  for  a  liiil  of  particulars,  and  he  ^t  it  ac 
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"  To  mending  your  engine,  2s. 

"  For  knowing  how  to  do  it,  £5." 

Finally,  I  suggest  that  the  man  who  knows  how  to  do  it,  both 
in  this  country  and  in  ours,  has  his  service  well  appreciated  and 
well  rewarded. 

Mr.  E.  J.  Chambers* — It  is  only  a  word  or  two  that  I  have  to 
say  about  this  paper.  I  must  say  I  was  very  much  astonished  to 
find  that  it  came  from  a  member  of  the  American  Society  of 
Mechanical  Engineers,  because  had  it  come  from  the  old  country, 
where  we  are  supposed  to  be  a  bit  slow,  one  wouldn't  have  been 
surprised.  It  reminds  me  of  the  feudal  times.  However,  our 
friend  has  certainly  given  us  something  to  think  about.  When  I 
found  the  way  in  which  he  divided  up  the  work  of  the  laboring 
man,  and  the  reasons  that  he  gave,  I  was  very  much  staggered. 
First  of  all,  he  speaks  of  the  assignment  of  time  and  the  loss  of 
liberty.  Well,  gentlemen,  I  had  no  idea  that  we  were  coining 
back  to  the  times  of  serfdom.  Among  our  1,100  or  1,200  men  I 
do  not  think  there  is  one  of  them  who  has  assigned  his  liberty. 
What  I  think  he  really  has  done,  and  I  believe  most  practical  men 
will  bear  me  out,  is  that  he  has  joined  me  in  a  partnership,  and 
therefore  there  is  no  question  of  liberty  having  been  given  up. 
When  I  notice  how  the  workingmen  look  after  themselves  (I 
think  very  much  better  than  their  employers  do),  I  be- 
lieve the  question  of  assigning  their  liberty  to  us  is  quite 
a  misnomer.  With  regard  to  what  the  author  says  in 
respect  to  the  way  of  calculating  payment,  there  is  noth- 
ing new  about  this  arrangement.  I  remember  when  I  was  an 
apprentice,  some  forty-five  years  ago,  one  of  our  stock  tales  was 
that  one  of  the  men  came  and  asked  for  a  job  and  the  Master  said 
that  he  would  give  him  sixteen  shillings  a  week,  and  the  man 
said,  "  Why,  it  takes  fifteen  shillings  to  keep  me  honest,  and 
surely  I  ought  to  have  more  than  a  shilling  for  my  work."  Evi- 
dently that  man  forty-five  years  ago  realized  that  there  was  a  cer- 
tain amount  required  to  keep  body  and  soul  together  and  to  keep 
him  honest,  and  the  rest  he  wanted  for  his  work.  Then  we  get 
another  point  in  the  paper,  and  that  is  that  the  workingman  is 
not  only  to  be  paid  when  he  renders  his  services,  but  he  is  to  be 
paid  that  amount  whether  he  is  ill  or  well  able  to  do  his  work. 
What  a  delightful  arrangement,  to  transfer  all  the  responsibilities 

*  Member  of  the  Institution  of  Mechanical  Engineers. 
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ting  our  work  people  in  good  health  on  to  the  shonldcrs 
ilready  somewhat  overburdened  employers! 
not  think  that  is  the  way  the  bnsineas  men  are  going  to 
this  question,  nnd  I  do  not  think  that  this  paper  will  meet 
e  siiplitest  acceptance  even  from  workingmen. 
/.  Ilarltpy  Wicksteetl* — 1  wish  to  cougralulnti!  the  author 
paper  upon  having  made  what  seems  to  mc  to  he  a 
(cfllont  analogy  between  the  use  of  coal  and  the  use  of 
IIl"  8ay3  in  the  paper  something  to  the  effect  that  a  user 
does  not  pay,  or  ought  not  in  justice  to  pay,  according  to 
dts  that  lie  gets  out  of  that  coal,  because  the  result  thai 
depends  in  very  large  degree  upon  the  efficiency  of  his 
ind  engine,  ami  that  similarly  an  employer  ought  not 
He  the  value  of  the  workman  by  the  ontput  of  the  fae- 
nd  "  any  attempt  to  base  wages  on  output  is  as  irra- 
8  to  base  the  price  of  coal  on  boiler  and  engine  efficiency." 
that  is  a  very  shrewd  observation  and  a  very  far-reaching 
lat  you  may  have  a  place  so  well  managed  that  the  general 
i  good,  although  the  labor  and  the  contribution  made  by 
•rkinginan  is  nothing  more  than  usual,  and  it  seems  to  me 
}  thi>  weak  point  of  the  scheme  of  protit-Bliariug  by  th« 
■men,  liei-aiise  it  occur*  to  mc  that  in  any  business  with 
am  iii'ipuiinli'd  the  |iriifitw  depend  so  very  largely  upon  the 
li  which  tlic  iriiiinifjiciiirci-  uiiikcs  his  contracts,  buys  hia 
I,  ami  kccpi  u|i  a  -^Icaily  llow  nf  work  through  the  tihop, 
lothing  "f  llii'  dilTcreiire  between  organized  managcmont 
ngs  ilio  work  Hieadily  and  cnuveniently  to  the  working* 
ands  to  turn  onf — all  •■>(  which  things  are  entirely  beyood 
iicdiate  power  nf  the  wirkingman.  I  think  that  profit- 
is  a  very  nmirh  way  i.f  tempting  men  into  a  shop  by  the 
,  (if  rfliariug  in  pnnperons  times,  nnd  with  the  prospect  of 
lighly  discontenti'd  if  tliey  do  not  obtain  a  premitim 
fhev  earn  il  or  not.  Kvidently  the  right  way  is  to  value 
ices  of  the  workingman  as  you  may  value  the  services  of 
,  by  analysi^j,  ami  llie  imly  trouble  is,  I  think,  tliut  it  u 
lore  ilitlicnli  to  analyze  tho  extra  qualifications  of  (lie 
mini  lluiu  it  \-^  to  aniily/e  tlie  extra  vuluc  of  thtf  coal, 
7.  //.  .Siiplrr.—  I  ihink  tliin  (]ue«stion  of  the  efficiency  ni 
men  depemU  jmiily   ii|>iiii  wiigis,  but  very  largely  upon 
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something  which  is  not  to  be  paid  for  in  money,  as  Mr.  Emerson 
has  mentioned.  An  analogy  to  that  I  think  has  been  found  in  some 
investigations  recently  made  by  Dr.  J.  M.  Kice,  in  connection 
with  the  work  of  the  Society  for  Educational  Research,  upon  the 
operation  of  the  public  schools.  These  researches  include  what 
may  be  called  additional  or  outside  examinations  of  pupils — not 
to  find  out  how  much  the  pupils  know,  but  to  ascertain  how 
well  the  pupils'  teachers  are  doing  their  work — and  some  very 
curious  results  have  been  obtained.  In  some  of  the  schools  the 
pupils  showed  very  high  results,  where  apparently  the  teachers 
were  not  particularly  able.  In  other  cases  where  there  were 
some  very  able  teachers,  the  pupils  did  not  show  so  well  and  the 
teachers  did  not  get  the  same  good  result.  The  investigation 
was  carried  further  and  it  was  found  that  the  real  indication  of 
success  lay  in  the  principals  of  the  schools.  It  was  found  that 
an  active,  energetic  principal  could  stimulate  the  teachers  under 
him,  and  that  energy  was  passed  on  to  the  pupils,  and  the  result 
was  a  very  high  degree  of  efficiency.  It  was  also  found  that 
where  a  change  was  made  in  the  heads  of  schools  this  same  re- 
inarkable  change  in  results  was  observable.  Now  I  think  the 
same  things  bears  true  in  a  workshop.  This  brain  element  which 
is  not  drawn  out  by  money,  but  which  can  be  inspired  by  enthu- 
siasm, is  created  by  the  foreman  or  the  proprietor;  and  it  is  a 
fact  which  many  of  us  know  that  there  are  shops  in  this  country 
where  the  foreman  and  the  managers  are  looked  up  to;  admired 
and  loved,  by  the  workingmen,  and  in  such  shops  good  results 
are  always  obtained,  and  there  are  other  shops  in  which  the 
foreman  or  the  manager  lacks  the  power  to  interest  the  men  in 
their  work,  and  gets  them  disgruntled  and  himself  disliked.  It 
is  not  only  the  wage  question  which  enters;  it  is  the  personal 
equation  that  also  enters.  With  the  right  man  over  the  men 
the  trouble  will  disappear. 

Mr.  Harrington  Emerson,^ — In  reflecting  on  the  intelligence  of 
the  employer  of  labor,  of  course,  I  was  not  reflecting  on  those 
gentlemen  that  belong  to  the  American  Society  of  M^hanical 
Engineers,  or  the  related  English  Society,  because  we  are  sup- 
posed to  know  all  about  those  things.  But  I  should  certainly  say 
that  I  do  consider  the  average  manufacturer  and  the  average  em- 
ployer of  labor  as  knowing  very  little  about  his  business  or  its  de- 
tails.   Much  experience  from  going  into  some  of  the  very  largest 

*  Author's  closure,  under  the  Rules. 
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n  this  country  lias  shown  me  thinfrs  that  are  simply  un- 
ble,  tilings  that  wouldn't  be  credited  if  I  were  to  tell  them 
Those  who  have  studied  tliese  matters  know  that  in  a  shop 
;ed  so  aa  to  obtain  the  very  best  from  men  and  machines, 
is  increased  anywhere  from  thirty  pev  cent,  to  100  per  cent. 
'  those  matters  are  not  matters  of  o[)iniou,  hut  they  are 
3  that  have  actually  been  demonstrated  in  some  of  the 
concerns  in  this  country.  The  usual  hick  of  efficiency  prob- 
ecaiise  the  man  at  the  top  has  had  liis  mind  taken  up  in 
ag  his  big  business,  in  planning  the  buildings  and  getting;; 
neral  scheme  running,  and  then  when  one  comes  to  detailB 
be  found  that  he  has  been  paying  some  man  a  daily  wage — 
IS  a  generous  wage — to  attend  to  some  nuitlcT,  and  fifty  per 
s  lost,  because  the  man  is  not  of  sutKcient  intelligence  to 
t  of  the  machine,  or  out  of  the  combination  what  there 
to  be  in  it.  Quite  recently  in  going  tliroiigh  ft  large  mod(>l 
I  investigated  the  abrasive  wheel  conditions,  and  found 
icies  as  low  as  four  per  cent.  I  saw  the  remains  of  a  cup 
wheel.  The  whole  cup  had  been  worn  off,  hut  the  wheel 
it  on  another  spindle  to  be  used  as  a  sharpening  wheel,  and 
lown  until  Ihc  brass  web  was  sticking  ont  all  around  the 
forcncc,  and  the  wheel  itself  broken  into  five  pieces,  held 
y  the  huh.  When  I  took  it  off  the  spindle  the  man  aaid, 
■It'  bring  it  back  soon  because  we  need  it."  Now  thai  ia 
1(1  of  thing  I  iiiive  found  in  every  single  «hop  in  which  I 
ver  been,  not  the  parlienlar  emery-wheel  illustration,  but 
of  that  kind,  A  man  can  go  through  a  shop  with  hi«  eyfs 
and  he  can  guess  al  ihc  ethcieney  of  the  shop  simply  by 
'  aliin<'. 

he  iiiuchine  shop  1  mention  a  thorough  reform  of  abrasive 
conditions  will  elFrc-l  yearly  economies  in  value  of  time 
alone  of  -fllO.OOO,  and  udditiomil  cvHiii.niics  of  increawd 
■Iter  iirodiiclioii  >.{  $.li),mO. 
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CAST  IRON,    STRENGTH,   COMPOSITION,   SPECIFICA- 
TIONS. 

BT  W.  J.  KXEP,  DBTBOrr,  MICH. 

(Member  of  the  Society.) 

The  data  whicli  we  have  for  this  investigation  consist  of  nine- 
teen series  of  tests  made  for  the  committee  on  tests  of  the  Ameri- 
can Society  of  Mechanical  Engineers  in  1894-95,  and  of  twelve 
series  made  in  1899-1901  by  the  committee  on  tests  of  the  Ameri- 
can Foundrymen^s  Association. 

The  former  of  the  above  series  were  made  on  pairs  of  test  bars 
cast  together  varying  in  size  from  ^  inch  square  to  4  inches  square, 
and  the  latter  series  on  round  bars  of  the  same  areas. 

To  compare  such  records  of  ^-inch  to  4-inch  test  bars  it  is 
necessary  to  find  the  strength  of  a  section  ^  inch  square  by  12 
inches  long  of  each  which  is  the  greatest  common  divisor  of  all  test 
bars.    See  Fig.  427, 
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Fig.  427. 

Tensile  tests  were  made  by  the  American  Foundrymen's  Asso- 
ciation. 

Complete  chemical  analyses  were  made  of  each  series. 

Tlie  American  Society  of  Mechan'^al  Engineers  series  are  num- 
bered and  the  American  Foundrymen's  Association  series  are 
lettered. 

The  American  Society  of  Mechanical  Engineers  records  are 
the  average  of  two  test  bars  of  rectangular  section  cast  together. 
Tlie  American  Foundrymen's  Association  records  are  the  average 
of  all  bars  of  the  same  area  both  square  or  round,  in  most  cases 
the  average  of  sixteen  bars. 

These  strengtlis  and  the  chemical  composition  of  these  bars 
are  shown  graphically  in  the  Figs.  428  to  442. 

♦Presented  at  the  Chicago  meeting  (May  and  June,  1904)  of  the  American 
Society  of  Mechanical  Engineers,  and  forming  part  of  Volume  XXV.  of  the 
Tramaciion%, 
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irocoiiiifT  ti,irtin's,  takr  the  liri<'  or  ciirvo  rcprMuntiag 
;al  element  mid  ('oiti[wrr  its  variation  witli  the  variation 
represent  in  jr  tlio  stronptli  of  each  size  of  u-ft  bar  and 
pparent  similiirity.  After  completing  the  examinatioD 
le  results  for  tlie  influence  of  each  chemical  element. 
T,  Composition  ant>  Stuknotii. — Silicon. — Vp  to  3.O0 
■iilicon  iiicrciist's  llic  strength  of  small  castinps,  such 
•^l  liars,  \']i  ti.  li.lHI  per  <;<'iit.  it  increasex  th«  strength 
■at  bars, 
ir  furnace  ciisi.-  1),  K  inni  L,  J-inch,  1-inch  anil  IJ-inoh 

I  increase  in  strfiigth  as  silicon  increases,  and  all  other 
ise  in  strcnptli  t/i  .DO  jier  cent  silicon. 

la  mixtures  with  silicon  over  1.00  per  cont.  teat  ban 

I I  inch  usuiillv  dccrciisc  in  strength  as  silicon  increaacB. 
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The  tensile  tests,  Fig.  442,  of  all  bars  up  to  2  inches  and  to  2.50 
per  cent,  show  an  increase  in  strength,  but  a  decrease  for  3.00 
per  cent. 

Total  Carbon. — ^In  gray  iron,  transverse  strength  decreases  with 
increase  of  total  carbon.  The  tensile  strength  shows  no  such 
uniformity. 

In  Series  1,  Fig.  438,  steel  scrap  was  added  to  decrease  total 
carbon  and  to  increase  strength,  but  this  was  not  as  strong  as  B, 
Fig.  434,  with  no  scrap,  though  both  have  the  same  silicon. 

Total  carbon  increases  as  silicon  decreases  because  silicon 
changes  combined  to  graphitic  carbon,  and  some  of  this  escapes 
as  the  metal  cools. 

The  increase  in  strength  and  decrease  in  total  carbon  in  test 
bars  up  to  2  inches  is  caused  by  the  increase  of.  silicon  which  re- 
moves brittleness. 

Combined  Carbon. — This  always  decreases  as  silicon  increases 
with  normal  conditions.  The  transverse  strength  of  finch  and 
1-inch  test  bars  gradually  increased  while  combined  carbon  de- 
creased, but  in  larger  bars  strength  and  combined  carbon  both 
decreased. 

This  was  due  to  the  slow  cooling  which  increased  the  size  of 
the  grain.  The  average  of  all  tensile  tests  shows  an  increase  of 
strength  as  combined  carbon  decreases. 

If  it  was  the  decrease  of  combined  carbon  which  caused  the 
decrease  in  strength  in  large  test  bars  the  smaller  bars  would  not 
show  the  opposite  result. 

Analysis  of  each  size  of  test  bar  often  shows  the  same  com- 
bined carbon  in  small  and  in  large  bars,  but  the  small  bars  are 
invariably  strong  and  the  large  bars  weak  due  to  slow  cooling. 

In  Fig.  435,  B  has  the  lowest  combined  carbon  and  the  greatest 
strength  of  the  group.  In  J  the  strength  drops  in  all  sizes  of  test 
bars  while  combined  carbon  is  slightly  greater. 

Comparing  B  with  I  (Fig.  430),  while  both  have  the  same  sili- 
con, I  has  very  much  lower  combined  carbon  and  is  very  much 
stronger  in  the  ^-inch  and  1-inch  bars;  is  about  the  same  strength 
in  the  If  inch,  2-inch  and  2f  inch  bars,  but  the  3-inch,  3f  inch  and 
4-inch  bars  are  much  weaker.  (Steel  scrap  added  to  I  did  not  act 
as  expected.) 

Closing  the  grain  and  removing  brittleness  increases,  strength. 
Melting  in  an  air  furnace,  Fig.  440,  increases  both  strength  and 
combined  carbon. 
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'('c  Varlxni.     Tlir  i|iijiiilitv  in  iiii_y  fiistiiij;  if  Uii'  lUffor- 

-Mi  Uk'  totiil  iiikI  iIk'  i'i>iriliiiK-(l  t-arlimi.     In  thenti  serie.H 

i>  rniifiirinily   lict.wi'i'ii  \\\i-  iMTcpiitflgf  of  grftphite  and 

til. 

iru«.— Ill  all  <if  lliisi-  -■■ric'*  pliosiihonis  generally  in- 

silicnn  iiiereuses. 

lie  icnsili'  tist-i,  \'\)t.  -t  l:i.  >\\"W  iin  increase  of  Blrength 
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:th  in  incrpaso  of  iilirwplioniB.  yet  the  trsiwrcwp  teste,  eape- 
all^-  FigH.  ■132  I"  ("i.^,  Nit'iTi  til  show  tliiit  phonphorus  reduces 
reogtli-  Tliifl  U  »1kii  ;.'i'ii('riil  simp  ixpcrioucL-. 
SuipAiir.—l'hfrii  i.t  not  in  ihesfi  tcsU  enough  imifoniuty  be- 
■BPT)  tlin  pnr(>cntHgi>  of  >>ul]iljiir  anil  the  ntrengtli  to  »how  any 
cided  influence,  Imt  iht-  iiKlication  ia  that  salpbur  deoreaaw 
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Pio.  449.— Keep's  Tbanhversb  fiTRBNQta  Chabt. 


Rtrengtli.  In  some  cases  sulphur  might  add  to  strength  by  caus- 
ing the  grain  to  be  closer. 

Manganese.  —  The  percentage  is  too  nearly  the  same  in  these 
series  to  show  any  influence  on  strength. 

By  comparing  strengths  and  chemical  eoijiposition  of  the  irons 
nearest  alike,  as  3,  0,  16,  A,  or  5,  18,  B,  C,  I,  or  13,  7f,  or  6,  12. 
with  all  chemical  elements  nearly  alike,  and  no  scrap,  but  with 
(juite  different  strengths,  it  is  very  evident  that  strength  is  de- 
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a.  4-10  — Kkbi''s  SunisKAoB  Chakt. 

in  nf  tIiriiikiK<i  <"  ■i"'  "t  cutliig  uid  la  p-avanUKa  or  ri 
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pendent  upon  something  outside  of  the  ordinary  chemical  com- 
position. 

Slow  Cooling  Decreases  Strength  by  making  the  grain  of  a  cast- 
ing coarse  and  more  open.  The  larger  the  casting  the  weaker 
it  becomes  per  square  inch  of  section.  The  weakness  is  not  caused 
by  a  decrease  in  combined  carbon  because  a  complete  analysis  of 
each  size  of  test  bar  {Transactions^  American  Society  of  Mechan- 
ical Engineers,  Voume  XVL,  p.  1100)  shows  the  same  cotnbined 
carbon  in  all  sizes  of  many  series,  but  in  all  cases  the  strength  per 
unit  of  section  decreased  as  the  size  increased. 

Strength  of  Any  Size  of  Test  Bar  cannot  he  Calculated  hy  Any 
Mathematical  Formula  from  the  Measured  Strength  of  Another  Size^ 
because  the  grain  changes  by  slow  cooling.  Such  strength  must 
be  obtained  by  a  graphic  chart.  Fig.  443  shows  the  average  tensile 
strength  per  square  inch,  Fig.  444  the  average  crushing  strength 
of  a  ^-inch  cube,  and  Fig.  445  the  average  transverse  strength  of  a 
section  1  inch  square  by  12  inches,  of  each  size  of  test  bar  of 
series  A,  B  and  C. 

The  similarity  in  the  diagrams  of  each  of  these  three  kinds  of 
strengths  shows  that  a  graphic  chart  should  show  this  general 
character  of  diagram.  Fig.  446  shows  the  average  tensile  strength 
of  each  size  of  test  bar  of  each  of  the  American  Foundrymen's 
Association  tests  and  also  gives  a  line  showing  the  average  ten- 
sile strength. 

Tensile  Strength  Chart. — Fig,  447  shows  this  chart  The 
dotted  lines  are  estimated. 

Fig.  448  and  Fig.  448  (cont'd.)  show  the  average  transverse 
strengths  of  each  American  Society  of  Mechanical  Engineers  and 
American  Foundrymen's  Association  tests  and  a  curve  showing 
the  average  strength  of  each  size  of  test  bar  of  each  variation  in 
silicon. 

Transverse  Strength    Chart. — Fig.  449  shows  these  curves. 

Shrinkage  Chart  for  approximating  the  percentage  of  silicon 
in  any  test  bar  or  casting,  Fig.  450  is  constructed  from  the  care- 
fully measured  shrinkage  and  analyses  of  each  size  of  test  bar  of 
the  American  Society  of  Mechanical  Engineers  series. 

Table  fm*  Obtaining  the  Strength  of  Any  Size  of  Test  Bar 

from  ike  Measured  Strength  of  a  Stam.dard  Test  Bar. — Table  I 
is  calculated  from  chart,  Fig.  449,  for  a  standard  1-inch  square 
test  bar.  Measure  the  shrinkage  per  foot  of  the  standard  test 
bar,  then  on  the  shrinkage  chart.  Fig.  450,  find  this  shrinkage  on 
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TABLE  I. 
K-K&e'a  TADm  fub  Approxixatb  TiiA.NBVBit^s  Stukhbth. 
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eft-hand  margin  and  follow  horizontally  until  you  intarsect 
ine  of  tho  measured  teat  liar.  Follow  the  vertical  lino  at  tho 
section  to  the  to]>  of  the  i-liart,  and  jou  find  thL'  [lorcHutago 
licon  that  is  expected  to  produce  that  ahrinkagc.  find  this 
in'rt'cnlapt'  at  the  top  of  Talde  I,  and  follow  down  to  tho 
of  tost  bar  that  you  wish  the  strength  of.  If  you  wish  tho 
il  strength  use  the  lower  figures  as  a  multiplier  of  the  me&a- 

etrength  of  the  standard  l-inoh  bar.    If  you  wish  the  streogth 

section  1  inch  square  hy  12  inches  long  of  the  required  teat 
use  the  upper  nunihcr  to  multiply  by. 

you  have  tho  strength  of  any  bizo  of  teat  bar  other  than  a 
ih  bar,  and  know  the  silicon  peroentagc,  divido  such  etrongtb 
lie  lower  number  for  ihp  bar,  or  if  you  have  the  MtrctlgUi  of  B 
on  of  the  reipiirrd  test  bar  1  ineh  square  by  12  inches  long, 
\c-  by  tho  upper  number,  and  tho  result  in  either  case  is  the 
iglh  of  tho  standard  1-ineh  bar. 
'  Find  the  Strfv'jth  ff  Any  Casting.— Div'vlt'<  the  eubio  con- 

of  a  casting  by  the  square  inches  of  cooling  surface,  and 

[iiotient  is  the  coolinR  ratio.     If  tho  cu«ting  has  a  large  flat 

.ce  tho  edges  may  be  neglected;  fur  example,  a  casting  1  inch 

and  24  inches  square.     A  stri]>  1  inch  wide  and  24  inches 

would  have  24  cubic  inches  contents  and  48  square  inolics 
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of  cooling  surface.  24  +  48  =  ,5  ratio.  Find  this  ratio  at  the 
top  of  the  chart,  Fig.  451,  and  follow  down  to  the  diagonal,  and 
we  find  that  a  2-iiich  square  test  bar  represents  the  strength  of 
the  casting. 

With  the  shrinkage  of  a  standard  I-inch  test  bar,  east  at  the 
same  time  as  the  casting,  find  on  the  shrinkage  chart  the  per- 
centage of  silicon  in  the  casting,  then  in  Table  I  find  the  upper 
multiplier  for  a  2-inch  test  bar.  This  multiplied  by  the  measured 
strength  of  the  standard  test  bar  gives  the  strength  of  a  secUon 
of  the  casting  1  inch  square  and  12  inches  long. 


Pkofosed  Specifications  fok  Cast  Iron. 

At  the  appointment  of  a  committee  by  the  International  Asso- 
ciation for  Testing  Materials  at  Zurich  in  1895,  the  charge  was: 
"  On  the  basis  of  existing  specifications  to  seek  methods  and  means 
for  the  introduction  of  international  specifications  for  testing  and 
inspecting  iron  and  steel  of  all  kinds."  The  secretary  of  the 
American  section  of  the  committee  on  cast  iron  says  that  the 
"  committees  began  to  collect  information  on  exbting  methods 
and  to  formulate  specifications  based  thereon  as  far  as  possible, 
the  final  results  being  intended  to  represent  the  best  American 
practice  at  the  present  time." 

The  following  are  submitted  as  desirable  by  the  various  com- 
mittees : 
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RAL   Gkav    Iron    Castings   and    Mfthoid   ov   Tkstinh. — 

it  Properties. 

Light  castings  salpliur  not  over O.OH  jH'r  (.tiit. 

Medium '    Oil)     "      ■■ 

Heavy D.13     "      ■' 

Uion. — Light  castings  are   those   less  than   J   inch  thick, 
castings  more  than  2  inches  thick.    Medium  all  hetweeu. 
tool  Properties.     Transverse  Ttst. — The  mitiinium  brcak- 
ngtli  of  the  "  Arbitration  Bar  "  (Ij  inches  diameU'r)  undtT 
'sc  load  sliall  not  be  under 

Light  castings 3,50«  Ibe, 

Medium     "     2,800   '■ 

He«vy       ■'     8.300   " 

'  case  nhull  the  doflpt-tion  be  under  .10  of  an  in<ih. 
y*!   Ti-st  not  less  than 

tht  rni-liiij.'S 18,000  liw    i«.r  wf-  1". 

diiini      ■■       ai.OIK) 

avy        ■■      34,000 

seta  of  round  bars  \\  inches  diameter  ehuH  Im  cit-st  from 
at,  one  fet  from  the  first  and  the  other  srt  from  the  last 
ing  into  the  castings.  The  transverse  test  shall  he  made 
be  bars  cast  with  supiiorts  12  inches  apart,  load  applied 
iiiildlc.  One  har  of  every  two  of  each  set  made  must  meet 
men  Is. 

ticAN  ForNiniYMK.N's  Asso<:iAT[ON  pfoposed  spec ifieat ion. 
nd  Medium  weight  castings  silicon  1.75  pt-r  cent,  and  up,  I 

9  Ij  inches  diameter.  I 

y  castings  silicon  L.'iO  to  2.00  per  cent.,  tf.tt  bars  2  inches 
r. 

ing  irons  silicon  hi'low  1.00  per  cent.,  test  bar  'Jj  inches 
r. 

lecification  for  .-itrongtli. 
Castings,  no  chcinieal  siu'citication  given. 

'\cal   Test. — Test   liar   i    iriclics   wide,   1    inch   denp,   BUp-  J 

I  inches  apart  aTi<l  loaded  at  center.     For  pipe  13  iucliBB  I 

r  and  less,  breaking  biail  l,i)00  pounds  with  not  leas  than  n 

deflection. 

lipe  largrr  Ihiin  1^  indu^H,  load  2.000  ponnd.^  with  defleo- 
i  less  than  .'Vl  inch.  The  test  shall  be  baaed  upon  ibe 
result  of  thrcu  test  l.;ir.s. 


1 


jM)iin(is,  aclleclioTi  ii(.)t  less  than  .U»  iiicli.  Uiie  t< 
cvlindcr.  AccH^ptaiice  or  rejection  in  case  of  d 
clicmical  analysis. 

Mai-lkaijm:  Castings. — Chemical  Proiyertles. — ! 
.0<;,  ])li()sj)li()riis  not  over  .i^2r>. 

I*hi/s}i\il  Prop*  rt!ff<' — Standard  test  bar  1  inch 
1l^  indues  apart,  transverse  strength  after  anneali 
.*>,n()()  })ounds,  delhrtion  at  least  \  inch.     Tensi 
same  size  of  har,  not  less  than  42,000  pounds  per  i 

**  KxisTiNc;  ^[kthods"  ani>  Specifica'i 

TIm*  nply  to  letters  to  heading  founders  and  cl 
emllv  tliat.  tliev  used  no  .specifications. 

I'ln:  I'miki)  Kn<;inkkkin(;  and  Foundry  Co 
iiiL:  many  nt'  the.  lar<rest  foundries  in  the  Pi 
.-Mv-:  "  We  wateli  o]ir  silicons  and  sulphurs  pret 
I  In-  or<lin:irv  run  of  eastings,  and  when  we  desire 
.-»rriiL:tli  \\r  make  a  mixture  from  scrap  and  pig  tli 
\\\  .III  ;iir  tiiiirtiiice,  will  i*\\v  \\^  a  silicon  of  about 

run  Ai'i  i.niiA  AM>  Kkadino  Hailway  Compa? 
f-T  rthi.   nf  pii:-   iron   as  ])er  specification  and   i 

'1 i   r-   iMp   uiili    terro   manganese  in  the  ladle, 

huui:,  <•!<•.-(■  L:r:iiiM(l  iron  which  turns  up  almost 
i-i  1  ihe  1(  ^1  re-nlt>  l»y  the  combination  of  aualysi 
iii'j-  ill-  iii-('l\<s  eomijiiied  with  the  appearance  a 
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cent  Other  elements  same  as  medium  iron,  Tvansverse 
igth  2,000  pounds." 

F&r  Brake-shoes  and  other  castings  for  frictional  wear.  Sili- 
2.00  to  2.50  per  cent.  Sulphur  leas  than  .15  per  cent.  Phos- 
■us  less  than  0.70  per  cent  Manganese  less  than  0,70  per  cent, 
isverse  strength  2,900  pounds." 
I.  Case  Threshino  Maohinr  Compant  Specifications  and 
by  a  large  number  of  Western  founders,  and  published  by 
r  chemist,  Mr.  W.  Gr.  Scott,  is  as  follows : 
lose  Sard  Iron  for  air  and  ammonia  compressors,  H.  P.  cyl- 
rs,  H.  P.  valvefl,  etc,  Silicon  1.20  to  1.60  per  cent,  (below 
hard,  above  porous,  unless  much  scrap  is  used).  Sulphur  leas 
1  ,095  per  cent.  Phosphorus  below  0.70  per  cent,  (for  chill 
pep  cent).  Manganese  below  .70  per  cent  (higher  for  chill). 
nsverse  strength,  test  bar  1  inch  square  by  12  inches  cast  in 
JS,  2,400  pounds.  Tensile  strength  per  square  inch  22,000. 
Inkagc  (bar  1  inch  square  by  12  inches),  not  more  than  .101 
,    Chill  in  yokes  below  ,25  inch. 

Tedium  Iron  for  engine  cylinders,  gears,  pinions,  etc.  Sili- 
1.40  to  2.00  per  cent  (1.50  best  for  gears).    Sulphur  leas  than 

■  per  cent  (best  .075  to  .080).  Ph.wphorus  below  .70  per 
.  Manganese  below  ,70  per  cent  Triinsverse  strength  2,200, 
lie  2,000.  Shrinkage  not  more  than  .154  inch,  chill  .15  inch. 
2/1!  Iron  for  pulleys,  small  castings  iind  agricultural  work. 
;on  2.20  to  2. SO  per  cent  (below  toc>  hard,  above  weak  for 
c  castings,  2.40  a  good  average).  Sulphur  less  than  .086. 
sphorns  below  ,70  (1.00  for  stove  pliitc).  Manganese  below 
per  cent   Transverse  strength  2,000.    'I'ensile  18,000.   Shrink- 

■  141  inch.    Chill  .05  inch. 

Jk  Lorain  Fouxdky  OoMrANv. — Mr.  Oliver  Phelixi,  former 
Pal  manager,  gave  nie  the  following:  "  The  efforts  of  tho 
In  foundry  were  devoted  specially  to  large  and  heavy  e«£tin^. 
of  test  bar  2  inelios  wide,  1  inch  deep  and  24  inches  between 
orts.    Three  test  bars, 

^rd  Iron,  for  compressor  cylinders,  valves  and  liigh-prossure 
:.  Silicon  1,20  to  1.50  per  cent  Sulphur  nndor  .09.  Phos- 
xis  ,35  to  ,60.  Manganese  ,50  to  .80,  Transverse  strength 
0  pounds  per  square  iiioli.     Tensile  24,000  pounda  per  iiqutiro 

'edium  Iron  for  general  work.  Silicon  1,50  to  2.00  per  cent 
■bur  under  .08  per  cent     Phosphorus  .:)5  to  .60.     Manganeae 


ill     ;?ll  tJilfilLll     ill      KjyjLLl.      V\::Oin3m  JL      l/lXXiin.     VfUX      JUXA^IX      lec^L 

largely  due  to  Xorthern  lake  ore  irons,  not  ovei 
our  mixture  bcang  made  with  Southern  iron. 

ChevLical  Work  Cdsiings  (cupola).  Silicon  1. 
phur  under  .07.  Phosphorus  under  .25.  Man^ 
per  cent. 

.!//•  Furnacp  Iron. — For  Omaha  and  Pittsbi 
20  millions  capacity,  the  average  thickness  of 
tlie  several  pieces  weighing  12,000  to  2T),000  pc 
analysis  was  T.  C.  3.20,  G.  C.  2.19,  C.  C.  1.01,  £ 
y[\\.  o.:i7. 

Hiis  iron  was  melted  in  an  air  furnace  with  j 
about  1.50  ])er  cent.  sul])hur,  about  1  pound  coal 
Time  of  lieat  about  seven  hours." 

En(jmsh  Pkactice. — Prof.  Thomas  Turner  sa 
verxf  test  the  common  test  adopted  by  iron  fou 
a  bill-  *5  feet  long  by  2  inches  deep  and  1  inch  I 
many  slia])es  and  sizes  of  test  bar  have  been  adopi 
tifi(!  ])ur|)oses  the  results  so  obtained  are  convert 
into  values  for  a  bar  one  foot  long  and  one  inch  sc] 

CoMMKNTS    ON    SPECIFICATIONS. 

CiiKMicAr,  SpKriFieATioN. — The  chemical  pro 
kin«l  of  castiniz;  should  be  si)ecified.  A  small  vj 
will   mako  casting's  cither  too  hard  or  too  poro 
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ngy  iron.     To  insure  the  density  required  for  peculiar  work 
chemical  composition  must  be  specified. 

'k8T    Bars. — Best    Size — Very  few  realize  the  influence  on 
ngtli  due  to  a  slight  change  in  proportion  of  test  bar.    The  re- 


8  in  Fijf.  4.'i:i  wn-e  jrivcn  to  mo  for  tl 
[lufaeturing  Coni|)aii.v  of  Miflinwaka,  I  1        J 

li  test  bar  was  •■.sadly  <mr  si|iiarc  inch  ar  'J 

■e  24  inchca  apart;  strengtli  Ihe  average  ol  : 


I.M1(8        .2S<           1M»           l»«        IM*           1J»          ISK           I    ^$      \ 

ff::--:   :"-. :__|::. _::::.::: : 

■t -"'^'-    H    '^ -itT^---"  = 

"H ''^ 1^'  H-|-!t  ;/ct»^  a  i  -^  "  — T^*'  '  "  1 

!.S^--|                       ^,ylp..r,|-t-   *.^^.L.  __^    s^^    >^ 

-t-r--  p-H--±t^-:-i-i[  i*^  t 

■ 

I^.  «■.      J^^H 
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Cg  in  size  to  give  taper  ends  for  a  fimi  liold  witli  the  grips  of  the 
KiAchine.  The  bar  shciiild  be  tested  just  as  cast,  which  would  give, 
without  calculation,  the  tensile  strength  per  square  inch  ol  a  test 
Mr  cast  and  tested  with  a  square  iueh  section. 

If  a  transverse  If-at  bar  is  cast  1  inch  square  and  tosted  witli 
rapports  12  inches  apart,  the  result  is  comparable  with  the  ten- 
die  teat  because  tht  area  and  the  grain  is  the  same. 

The  test  bar  1.13  inches  diameter  has  the  same  grain  as  tlie 
t  inch  square,  aud  t!ie  strength  is  therefore  uomparablc  with  1 


nch  square,  or  with  tlio  tousile  strengtii  of  a  bar  cast  I  S({uare 
Dch  in  section. 

TA«  "Arbitration  Test  Bar"  1.35  inehcs  ditttnctcr.  It  cannot 
«  used  to  arbiti-jiif  a  dispute,  because  it  is  diroctwi  that  the 
"oundcr  break  all  tlic  bars,  and  no  others  can  bo  mu(]c. 

It  was  not  int»iid(d  in  the  original  in^tructionH  that  any  com- 
nittec  should  propose  a  new  test,  but  to  "  base  suggeHtiuna  on 
•xistiug  metliodd."  The  rfcord  of  a  l^J-inch  round  bar  cannot  bo 
Hinipared  with  any  existing  published  records. 

A  round  tost  bar  1.13  inches  diameter  equals  a  1-inob  sqiiaro 
bar,  ecpials  area  l.UO  Hi|iiHri'  inch.  See  Fig,  454,  A  U'Sf  bur  ],5iS 
inches  diameter  ei|u;ils  a  bar  I.IOS  inches  squan',  equuls  area  1.227 
square  inches. 

Has  such  a  teat  bar  any  advantage  that  wouhi  warrant  tho  dis- 
carding of  all  previouM  records ! 

It  is  not  practi-'iil  for  a  f"uiidcr  to  reduce  the  record  of  a  1,25- 


ruiiiKi  or  a  i.  lUc'^-iiicii  scjiiare  oar  oi  :5,iuu  poiinas  n 

2,700  X  1^      ^  ^_.  , 

^     1.108 «~  ^    '        pounds. 

l>iil  ii   1-iiicli  scpiare  section  of  a  l|-incli  round 
l.T)!)  ])cr  cont.  .silicon,  is  85  pounds  weaker  than  a 
siinio  iron  cast  1  inch  scjuare. 

l,!Ksr)  4-  85  =  2,070  pounds.  (By  Table  I  with 
.silicon  this  1-iiich  sc^uare  bar  equals  2,060  pounds.) 

Did  the  couunittcc  mean  to  prescribe  such  a  lo\ 
l(j(*()iiinilv(*  e\  lin(k?rs? 

1  lie  slniitith  fur  general  castings  becomes 

l.>V'<lla.  Section  1"  a  ^^b^cSlnf'' 

Hard  Iron :5.300  lbs.  =  2,438  lbs.  +  95  lbs.  = 

Mrdiuiii 2,000    "    =  3,127    "    +  106    "    = 

8nft 2,000    *^    =  1,816    *'     +  120    '*     = 

Tlii-  i^  so  near  the  J.  T.  (/ase  T.  M.  Co.  specificj 
:i,i^n(),  L>, ()()()  (hill  it  \v(MihI  seem  l)etter  to  adopt  a 
.>ii<*li  aciieral  use. 

Foi"  ri\>\  ]n*j)e  the  bar  2  inches  'wide,  1  inch 
inrlies  between  Mipports  gives  a  record,  which  is  ex 
;is  JIM  avernae  >eetion  of  that  bar  1  inch  square  by  ' 
but  tlir  hnacr  bnr  looser  considerable  from  slow  co< 

•,'      I   -  xll       Srition  1"  a  X  158"  Ixwt  If  C 

2.000    -  2,000  +  227  =  2.2 

1,I»0()   -  1,000  +  189  =  2.0 

\ 1"     .  •    .1   J.    i        i.    1. -^     '  - .     H  r%         !•    il 
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onal  area  of  two  square  inclies,  but  tho  strength  per  square, 
of  any  of  tbese  bars  wbether  tested  tJie  narrow  or  wide  side 
1  is  not  one-half  the  breaking  load,  but  ia  the  calculated 
igth  of  a  section  one  foot  long  and  one  inch  square. 
:renoth  in  Specifications. — It  will  be  m.tioed  from  all  figures, 
,  438  to  44f,  and  from  the  average  American  Foundrymen'a 
tciation  diagrams,  that  as  silicon  is  increased  the  strength  of 
■y  castings  decreases,  but  that  the  strength  of  a  1-ineh  square 
bar  from  the  same  iron  increases  while  in  all  specifications  all 
■y  and  medium  castings  and  also  the  1-inch  square  test  bar 
t  be  strongest  for  low  silicon.  The  chemical  composition  will 
iccount  for  the  extra  strength.  The  Lorain  Foundry  Company 
it  by  using  special  lake  ore  iron.  Some  do  ao  by  adding  steel 
P,  and  others  by  iLsing  charcoal  and  other  irons  with  peculiar 
ities.  There  are  some  pig  irons  that  when  nii.\ed  witli  other 
8  in  the  cupola  give  the  desired  strength  ami  still  keep  the  sili- 
at  1.30  per  cent.  Much  leas  expensive  inms  are  needed  for 
iuni  iron,  and  quite  low-priced  irons  can  be  used  for  soft  cast- 
.  This  is  entirely  independent  of  the  chemical  composition. 
exainpl*',  Series  18,  Figs.  432  and  433,  has  silicon  right  for 
iuin  iron,  hut  it  has  strength  for  the  lieaviest  eastingo.  The 
)la  charge  was  .'iOO  pounds  each,  "  Swede  "  ("plain),  "  Pulaski  " 
.  2),  "  TriiK-css  "  (Xo.  2),  "  Kcmble  "  (No.  3),  1,800  pounds 
p,  200  ])ound.s  oast  iron  Imrings.  The  te-it  barn  were  cast  at  tho 
lie  of  the  lieut.  A  test  piwe  turned  tn  1  \  inches  gave  a  tonailo 
of  211,040  jKiiinds  per  sfpuin-  inch.  Anaty^iiM  of  tost  bar  waa: 
L  3.;!3,  (}.  C.  2.s;!,  ('.  ('.  ..%-2,  Si.  2.0.1,  |V  .3+2,  8.  .052,  Mn. 
.    Aside  from  its  favorable  composition  iho  very  high  atrength 

due  to  tho  careful  selcclion  of  pig  irons,  but  moat  to  the 
ng  the  grain  with  cast  iron  borings, 

the  specifications  of  .T.  I.  Case  T.  M.  Co,  be  adopti'd  for 
nary  foundry  iron,  it  might  Im  well  to  specify  a  liigh  grade 
>la  casting  for  extra  heavy  work,  and  take  for  such  the  I»raiit 
igths  2,800  and  2, COO. 

or  the  highest  grade  of  air  furnace  iron  wo  might  Uke  the 
lin  for  the  strongest,  un<l  the  American  F'oundrymen's  Associa- 

Scries  L,  for  the  liigliist  silicon  allowed  for  medium  weighta. 
ngths  3,800  and  3,'J0(). 

JUARK    AND    RoiM)    TksT     JJaUH    CaBT    Ft.AT  OR   ON     EKD. As 

nary  castings  have  tlat  surfaces  and  iire  <'a.*t  flat,  it  would 
1  most  natural  to  u^^c  a  s([uare  test  bar  cist  flat. 
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The  committee  recommended  a  piece  of  10-inch  water  pipe  for 
a  flask.  It  is  impossible  to  ram  a  vertical  mould  with  a  test  bar 
extending  upward  without  moving  the  pattern  and  have  the  sand 
packed  uniformly.  Any  variation  would  produce  a  test  bar  of 
irregular  section.  In  filling  a  vertical  mould  with  iron  the  free 
surface  is  so  small  that  bubbles  of  gas  cannot  reach  the  surface, 
but  are  caught  near  the  Walls  of  the  mould. 

A  square  bar  cast  flat  fills  with  iron  so  slowly  that  all  bubbles 
of  gas  and  all  impurities  that  would  form  spongy  spots  have  ample 
time  to  rise  to  the  surface,  which  will  put  all  flaws  in  the  top  sur- 
face, where  they  will  not  weaken  the  test  bar. 

The  top  of  the  test  bar  should  be  marked,  so  that  it  will  always 
be  placed  in  the  testing  machine  as  it  lay  in  the  mould.  In  meas- 
uring such  a  square  bar  the  depth  can  always  be  distinguished 
from  the  breadth,  while  this  would  be  difficult  with  a  round  bar. 

A  horizontal  mould  can  be  rammed  more  uniformly  than  if  ver- 
tical. The  Western  Foundrymen's  Association  appointed  a  large 
committee  to  investigate  this  subject  and  they  reported  that  in 
one  group  all  bars  cast  flat  were  perfect,  while  43  per  cent,  of  the 
round  bars  cast  on  end  were  defective.    In  another  group  18  per 

TABLE  II. 


Silicon. 

Sul. 

Ph08. 

Mn. 

Trans- 
verse. 

Ten- 
sUe. 

Shrink. 

Chill. 

§1 

Heavy. .  \ 

Medium.. 
Heavy — 
Medium.. 

Heavy. .  ■ 
Medium 

Light... 

U.S.Eug.&Fd'yCo. 
Lorain  Fd'y  Co 

Am.  Fd'y  Ass'n .... 

Lorain  Fd'y  Co 

Lorain  Fd'y  Co 

A.  S.  forT.  M 

1.50^ 
1.20  to  1.40 

2.35 

1.20  to  1.50 

1.50  to  2.00 

;0R5 

.044 

.09 

.06 

.12 

.24 

.676 

.35-.60 

.85-.60 

87 

.48 

.60-.80 

.60-.80 

8,900 
3,200 
9,600 
2.400 
2,533 

87,902 
29,000 
24,000 
28,000 
M,000 

Am.  Fd'y  Ass'n 

Loco-Cyl 

1.60  to  2.00 
1.26  to  1.76 
1.20  to  1.60 

.io 

.095 
.10 

.90 
.70 

"".TO* 

2,070 
2,400 

2,232 

•  •      •  •  . 

22,000 
21,000 

"Vl6l"' 

J.  L  Case  T.  M.  Co. 
A.  S.  forT.  M  

.25" 

d 

Am.  Fd'y  Ase'n 

Pipe    

1.76  up. 

o 

2,2«7 

2,200 
2,400 

1,936 

J.  I.  Case  T.  M.  Co. 
Phil.  &Rcad.  Ry... 

A.  S.  forT.M 

Am.  Fd'y  Ass'n 

Pipe 

i!46*to'2!66 

1.40  to  2.00 

•  •••••          •••• 

Above  1.75 

!685 
.085 

.08 

.70 
.60 

.70 
.70 

• 

20,000 

"Vl54" 

.16" 

18,000 

2,089 
2,000 
2,000 

J.  1.  Cuse  T.  M.  Co. 
Phil.  &  Read.  Rv... 

2'.26'to'2.*86  .085 
2.00  to  2.80  .085 

1.10  to  1.36  .07 

2.00  to  2.50  .15 

.70 
.60 

.26 

.70 

.70 
.70 

.40-. 60 

.70 

18,000 

.141" 

.05" 

Chemical  Work  L.  F.  Co 

Brake  Shoes  P.  A  R.  Rv 

2,900 

Ciiilling  Iron  / 

Below  1.00 

All  specifications  arc  reduced  to  terms  of  a  test-bar  1  inch  square  x  12  inches  betwee 
supports.  Tennile  tests  are  per  square  inch,  but  as  the  size  cast  is  not  recorded,  possibly  thet 
valaes  should  be  modified. 
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*  the  square  bars  east  flat  and  54  per  cent,  of  llic  round  bars 

end  were  defective. 

committee  of  the  American  Foundrymen'a  Associntion  say 

round  test  bar  is  more  difficult  to  make  and  test  than  a 

bar. 

esaor  Wookon  of  Columbia  University  testrd  the  following 

rs  of  Si'rics  18,  Figs.  4;t2  and  433.    All  bar.^  were  oast  1.13 

ametor  from  the  .«:ime  ladle  and  were  turned  U>  1.065  inch 

IT,  nod  were  tested  on  an  Kmcry  machine. 

Hound  Bars  Cast  Flat.     Tensile  Teet. 

Bmhe  at  2S,000  lbs.  Btnall  spong-^  spot. 

"     ■■  ;-'i,,'ino 

Average  25.250   "  =  28.845  lbs.  per  Bq.  in. 

lionxd  liars  Cast  on  End.     TetimU  Te»t. 

Itroke  at  14,600  lbs.  Bad  Bpon^  rpot. 

■'  ■'  16,!(0(>  •'  Bad  bloH-hole, 

■•  ■'  17,400  "  Blow-hole  halt  through. 

"  "  211,200  "  Small  l)low-hole. 

"  "  21,800  "  Small  shot  in  surface. 

■'  ••  23.40U  '■  Solid. 

'■  ■'  a2,,W0  "  Sliglit  spongr  spot. 

•'  ■'  33,100  "  Solid,' 

■'  "  23.400  ■'  Sliglit  spongy  spot. 

"  "  a:t,,'iiK)  ■'  8..1i<l. 

'■  ■'  24,000  "  Solid.* 

Average  SU.TIH   '■  =  28,^40  lbs.  persi].  In, 

bars  rxofpt  *  hitd  ii  liirfje  uuTiibrr  of  siniill  blow-liolc» 
tnrncil  surfaeos.  Tlicrc  \vn>i  not  a  flaw  in  tlio  fi-acture  of 
tlip  liir^e  number  of  M(|iiiire  test  bars  cast  flat  in  thia  Series 

argiinirnt  for  a  round  bar  is  that  the  grain  is  more  uni- 
un<l  that  the  corni't-s  of  a  square  test  bar  take  from  the 
th  of  tlie  bar.  'I'lic  aviTiifjo  of  38  bars  eai.-h  of  American 
.-  of  Mc(']innic!i]  Kiijrinferfi  tents  (li)  series)  jruve  tranMver8C 
:h  of  bnr.i  of  1  inrli  ariM,  s.[uare  2,301  pounds,  rotrad  2,107 
».  Tlie  avonifie  "f  all  Inira  1  inch  aren  of  American 
rnnenV  Assiwinlimi  li^sts  (.1  to  E)  gave  square  2,088,  round 
ponnds. 

i-rring  to  Fi;r.  l''-.  "i'  ■"■'■  that  slrength  depends  largpljT 
the  amount  of  metal  fartliest  from  the  neutral  axis.     The 
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fibre  distance  of  a  is  .50  inch,  of  b  .685  inch,  but  the  small  por- 
tion that  was  stretched  most  gave  way.  The  fibre  distance  of  c  is 
.565  inch,  but  the  small  amount  of  metal  at  the  lower  comer  makes 
c  weaker  than  a. 

The  strongest  portion  of  the  test  bar  is  its  surface.  If  a  hole 
were  bored  lengthways  through  a  teat  bar,  it  would  not  greatly  de- 
crease the  strength  of  a  test  bar. 


Fin.  4Sr.. 


Ci 

lahl 

.s, 

4. 

,J 

•" 

"'" 

I. 

B 

Son 

... 

m 

,1     1 

ij 

li 

^ 

■m 

IM 

• 

Fro.  456 


The  large  square,  Fig.  455,  represents  the  end  of  a  block  of 
cast  iron,  9  inches  square  and  18  inches  long.  T.  C.  2.84,  G.  0. 
.60,  Cd.  C.  2.24,  Silicon  1.10,  P.  .34,  S.  .09,  Mn.  .49. 

This  block  was  planed  into  nine  parts,  and  from  eight  of  these 
were  turned  test  bars  of  1  square  inch  area.  The  tensile  strength 
of  each  is  given  in  Fig.  455,  The  corner  is  9,670  pounds  stronger 
than  the  center,  and  tlie  comer  ia  5,000  pounds  stronger  than  the 
middle  portion  of  the  side. 

This  is  also  shown  in  Fig.  456  by  compression  tests  of  ^-inch 
cubes  taken  at  each  ^  inch  in  depth  from  a  S^-in  square  test  bar. 
The  centre  of  the  side  is  2,810  pounds  stronger  than  the  centre  of 
the  casting.  It  is  upon  this  truss-like  distribution  of  close  grain 
that  we  depend  for  strength.     See  e,  f  and  h  of  Fig.  452. 

For  the  greatest  strength  with  the  least  metal  we  never  make 
a  cylindrical  casting. 
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™ 

EXIHTINO   PliACTICK.    . 

Cr«4urT(K  or  C.BTiKn. 

milcnn 
range. 

% 

1 

i 

1 

i 

a 

t 

s 

1 

panuH 
C«I>>U. 

_ 

.OSS 

,099 

'.f» 

.80 
.W 

,70 
.TO 
,70 

.es 

.70 

.J7 
.M 

.M 
.80 

!;o 

.70 
.00 
,T0 

1,900 

a,aoo 

i-r 

9,100 

1.900 
9.000 

SS.ffl» 

gr 

99.000 

20.01X1 

islooo 

|ReiV7... 

lUgh.,.,, 

'E 

:oB" 

9.1T 
9. OB 
9.00 

S.900 

98,000 

»'lH»«lron 

.M..,™. 

j.TJr.'i'r'.'j^i"' 

■">'-""■ 

n.  ill. 

„,. 

h«k 

wtLlSlub 

SCMMART. 

A  vflriatinn  of  size  ff  a  casting  eauses  a  (^pat  variation  in 
t^ength.  boeanwo  of  tlif  olinnge  in  the  rate  of  cooling, 

A  variation  of  sha\io  of  coatings  which  have  the  same  area  of 
Po98  section  causes  a  great  vari.tlinn  in  strength. 

It  is  very  difficult  to  calculate  the  strength  of  one  form  or  «ize 
f  test  bar  from  tlie  nieasuniil  strength  of  another  size, 

A  test  liar  fehonUI  he  cast  horizontally  in  the  ordinary  way  and 
»  ordinary  sand  the  same  as  oUrt  castings. 

The  average  strength  of  ut  lea*t  two  lost  burs  cast  together 
Qould  he  taken. 

Th«  distrilnition  of  metal  in  &  Bquare  test  bar  gives  a  stronger 
^BKting  than  in  a  round  bar  of  the  same  arna  of  ero(»  section,  and 
koore  nearly  rejiresents  the  ordinary  shape  of  caatingn. 

A  test  bar  1  inrh  square  is  the  size  and  shape  in  general  nite. 

We  think  of  transverse  or  tensile  strength  as  no  much  per  stjuare 


DiscirasioN. 

Mr.  77io».  D.  West. — In  Mr,  Keep's  remarks  on  the  utility  of 

round  barn,  I  note  among  other  points  which  can  be  criticized 

his    reference    to    the    report    of    the    Weatern    fouadrymen's 

AcHoeiution  Coiuiuitti-c  on  ilrfei-tivc   bari*.    I  dn«re  to  say  bere 
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in  the  city  where  the  tests  were  made,  that  that  committee, 
which  was  a  small  working  one,  and  not  "  large  "  as  stated  by 
Mr.  Keep,  used  an  appliance  I  sent  them  to  make  their  round 
test  bars.  These  bars  were  to  furnish  records  of  the  strength, 
contraction,  chill  and  fluidity  of  the  iron,  and  in  order  to  obtain 
all  of  these  factors  in  one  bar  a  design  of  flasks  and  patterns  was 
used  demanding  a  little  of  the  moulder  in  the  man  who  should 
make  them.  As  Mr.  Keep*  shows  in  his  abstract  of  the  report, 
the  fact  that  quite  a  number  of  the  flat  bars  were  imperfect,  is 
evidence  that  the  casting  work  must  have  been  done  by  those  know- 
ing little  about  moulding.     This,  I  believe,  was  the  case. 

It  seems  strange  that  in  Mr.  Keep's  researches  to  discover  the 
utility  and  discuss  the  endorsement  of  round  bars  it  should  have 
escaped  his  notice  that  the  American  Foundrymen's  Association 
Committee,  which  cast  such  bars  in  groups  of  one  to  two  hundred 
in  different  shops  at  one  pouring  and  made  use  of  1,229  test  bars, 
ranging  from  half  an  inch  to  four  and  one-half  inch  in  diameter, 
weighing  about  fifteen  tons,  found  but  about  one-half  dozen 
defective  bars  in  the  whole  lot,  and  in  some  of  the  groups  not  a 
single  defectiv^e  bar  was  found,  thereby  demonstrating  that  round 
bars  offer  no  difficulties  in  obtaining  them  solid.  Pour  round 
test  bars  from  the  top,  wliich  was  not  done  with  those  cast  by 
the  Western  Foundrvmen's  Association,  and  there  will  be  no  difli- 
culty  in  obtaining  perfect  solid  bars. 

The  Committee  appointed  -by  the  American  Foundrymen^s 
Association,  as  well  as  that  of  the  American  Society  for  Testing 
Materials,  hav^e  endorsed  the  adoption  of  the  round  bars  cast  on 
end  as  being  preferable  to  a  square  bar.  The  latter  is  not  con- 
demned because  of  its  reducing  the  strengtli  of  the  bar,  as 
stated  by  Mr.  Keep,  but  because  it  is  erratic  on  account  of  its 
corners  being  radically  affected  by  variations  in  dampness  of 
moulding  sands  and  the  temperature  of  metal  when  pouring.  The 
smaller  the  bars  the  worse  these  evils. 

Mr.  Edward  J.  Chambers.'^ — I  entirely  agree  with  the  idea  of 
learning  all  we  can  l)v  the  analysis  of  the  pig  iron  that  we  use 
in  the  foundry  and  of  testing  it  mechanical^;  but  I  cannot  say 
that  I  am  a  convert  to  the  use  of  round  bars  in  preference  to  the 
rectangular  sections.  As  you  know,  in  England  the  rectangular 
section  two-inch  by  one-inch  bar  has  been  a  standard  for  testing  for 
a  long  time,  and  when  you  come  to  think  that  cast  iron  is  used 

*  Member  of  the  iDstitution  of  Mechanical  Engineers. 
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n  that  form  tlinn  it  is  in  the  rotinil  form,  if  y<m  want  the 
ry  conditions  represente*!  in  a  test  bar  (namely,  rigi<iity  of 
^tal  which  is  intended  to  be  used  mainly  to  carry  a  burden 
as  a  girder  or  aa  a  column),  tlie  rectangular  section  has  a  con- 
)le  advantage  over  the  round.  I  notice  that  one  of  the  condi- 
f  the  round  bar  is  that  it  shall  be  cast  on  end.  That  strikea 
ilmost  giving  the  show  away,  because  if  yon  are  going  to  cast 
d  on  end  (I  believe  it  has  to  be  at  least  15  or  16  inches  long, 
12  inches  between  the  centers  of  the  supports),  you  are  pro- 
a  totally  different  condition;  you  are  really  getting  a  con- 
of  tilings  in  the  test  bar  which  does  not  exist  in  the 
■s.  Added  to  which  the  remarks  in  reference  to  tha 
;h  of  the  different  parts  of  the  test  bar.  the  corner  aa 
;  the  centers,  it  seems  to  me  the  rectangular  bar  carries  out 
learly  the  conditions  under  whi<.*Ii  wo  make  our  custiiigs. 
jld  be  very  sorry  to  cast  a  slight  upon  theoretical 
n  reference  to  the  foundry,  but  when  you  attempt  to  intro- 
ti  international  speeiticiition  you  must  bo  extremely  careful 
lU  do  not  eoiiiniit  the  error  which  has  been  eominitted  in  the 
V  non-experts,  I  suppose  when  we  look  at  the  specifica- 
Lvhich  are  jiut  before  us  by  sfirtie  so-railed  professional 
n  reference  to  (lur  meeliaiiicnl  wurk,  lliat  you  will 
with  me  that  they  are  often  .-elfn'ontradielory,  and  in 
cases  impossible  to  work  to,  and  as  aoon  as  you,  as 
tical  engineer,  ]>oiii{  nut  to  the  inspecting  engineer  the 
ity  of  some  part,  you  will  find,  even  if  he  doea  not 
■a  so,  that  it  w;is  put  in  by  one  of  his  junioni  who  got 
m  a  text  bi><ik,  or  else  he  tells  you  plainly  that 
ay  do  what  ymi  tliiuk  best.  "We  ns  praetie-al  men  mxist 
i'  careful  that  we  do  ni>t  eonimit  the  error  ou  the  opposite 
id  tliiit  is,  make  a  si>ceit!eiition  that  shall  bar  out  a  certain 
r  of  grades  of  ]itg  iron  wliiidi  nre  most  useful  in  maiiu- 
ng.  I  i'liti  say  tbi-^  I'niin  experience  in  wTought  iron,  and 
■gurd  |o  east  inui,  lln'  same  argument  would  Imld  Boo<l,  that 
ire  many  ]>ig  irntis  which  by  peculiar  couiponition  and  mix- 
nil  give  II  far  better  result  in  a  casting  than  if  you  laid 
I  definite  rule  lli;it  e:udi  piirlieiiliir  jrcni  wliall  be  of  certain 
s.  It  is  that  |)i.iiit  ihut  1  wanted  to  guard  agaiiut.  Wo 
do  a  great  deal  i>f  biinii  by  barring  certain  irons.  We  mtut 
tthe  iron  is  junperly  mixed;  you  must  not  leave  the  oiixiog 
iron  entirely  to  the  men. 
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I  will  say  further  that  the  testing  of  cast  iron  test  bars  is  not 
to  obtain  resilience  of  the  metal  which  has  practically. to  be 
avoided  in  castings,  but  the  stiffness  of  the  metal  which  is  the 
main  purpose  of  all  castings.  A  test  bar  2  inch  by  1  inch  must 
of  necessity  be  tested  with  the  greater  dimension  vertical,  as 
otherwise  it  would  be  no  different  in  result  to  the  1-inch  square 
bar  per  inch  of  width.  The  main  reason  for  testing  in  this  way 
is  that  in  all  castings  for  girders  and  similar  work  the  metal 
is  arranged  relatively  in  this  way,  that  is,  of  greater  depth  than 
width. 

Mr.  L.  W.  Crosta* — It  seems  to  me  the  form  of  bar  is  not 
so  well  known  in  America  as  in  England.  If  we  are  making 
special  work,  we  are  requested  to  cast  bars  with  the  same  mixture 
of  metals  as  the  castings,  and  generally  2  inch  by  1  inch  by  3  feet 
6  inches  long,  and  which,  when  supported  at  3  feet  centers,  must 
bear  a  weight  of  27  to  32  owts.  at  the  center  between  the  supports 
without  breaking.  With  reference  to  torpedo  and  cylinder  work, 
we  always  cast  these  "  on  end,"  and  the  test  bar  is  required  to  be 
cast  on  the  casting,  which  the  inspector  himself  generally  knocks 
off,  and  after  being  machined  to  his  requirements,  he  takes,  or 
sends  it  away  for  an  independent  test.  The  form  of  the  bar  does 
not  trouble  us  in  England. 

Mr.  Harrington  Emerson. — About  a  year  ago  I  was  called  to  a 
large  concern  to  advise  them  as  to  economies  that  might  be 
effected  in  their  shops.  In  looking  over  their  foundry,  which  was 
under  the  management  of  a  very  skilful  man,  I  told  the  owners 
frankly  that  it  did  not  seem  to  me  that  I  would  be  able  to  effect 
any  improvement  at  all.  Going,  however,  into  the  machine  shop 
and  taking  time  records  of  operations  there  it  suddenly  developed 
that  we  were  experiencing  very  great  losses  owing  to  the  variable 
quality  of  the  iron  that  came  from  the  foundry.  We  had  records 
of  the  time  in  which  certain  machine  operations  could  be  carried 
out,  and  we  found  that  we  fell  very  mm;li  behind  on  these  solely 
owing  to  the  quality  of  th(»  iron.  Wo  found  that  the  average  poor 
iron  increased  the  expense  very  greatly.  This  foundry  cast  about 
ten  tons  a  day,  and  we  found  we  would  be  able  to  effect  a  saving  of 
$18,000  a  year,  if  the  iron  were  uniformly  good  instead  of 
variable  as  it  was.  In  fact,  the  price  of  iron  coming  from  the 
foundry  was  increased  about  $10  a  ton  owing  to  the  extra  labor 
that  had  to  be  put  on  it  on  account  of  its  variable  quality.     It 
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fc»ereforc  appeared  that  instead  of  being  the  department  in  wliicli 
-«>tliiiig  waa  to  be  done  the  foundry  was  the  place  in  wbicb  a  very 
:xe&t  deal  could  be  saved.  Not  being  a  foundryraan  I  began  to 
ook  around  to  ace  where  I  could  tind  help.  I  wtnt  to  Detroit  and 
Lonted  lip  Mr.  Keep,  and  told  Lim  my  troubles  and  askod  him 
^ut  I  was  to  do.  He  very  kindly  gave  me  some  of  his  tables,  the 
iwalt  of  his  many  studies,  and  T  went  back  to  the  foundry,  and, 
lltn^  the  tables  and  methods  that  he  had  given  me,  we  were  able 
llmoet  immediately  to  seciire  an  absolutely  uniform  product  of 
ron,  not  only  then  but  regnlarly  thereafter,  I  do  not  know  what 
[  would  do  in  bettering  foundry  product  if  I  could  not  turn  to 
Itr.  Keep's  tables,  and  to  the  specification's  that  Mr.  Keep  has  pro- 
josed,  and  I  desire  to  take  this  occasion  to  thank  him  for  what 
le  has  done  to  help  those  whose  experience  is  so  much  less  than 
lie  own. 

Mr.  W.  J.  Keep. — I  may  say  that  the  American  Waterworks 
A.88ociation  has  adopted  a  bar  2  inch  by  1  inch  deep  and  2  feet 
long.  I  notice  that  the  English  bar  is  always  three  feet  long,  and 
is  tested  edgewise,  the  two  inches  being  in  the  depth.  I  have 
wondered  why  that  was  done,  and  I  have  wondered  whether  the 
testing  on  edge  was  not  rather  to  carry  the  impression  that  the 
iron  wa.s  a  very  strong  iron. 

President  Wickateed* — Has  it  anything  to  do  with  the  amount 
if  deflection?  With  the  elasticity  of  the  nmterial  (  Does  it  give 
oti  any  more  severe  test  as  to  the  stretching  properties  and  com- 
iressive  properties  of  the  material! 

Mr.  W.  J.  Keep. — I  think  not.  I  do  not  think  it  would  be  of 
ny  advantage.  The  only  thing  is  that  it  gives  you  a  very  much 
iphor  strength  per  sqiniro  inch. 
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THE   POTENTIAL  EFFICIENCY  OF   PRIME   MOVERS. 

BY  C.   V.   KKRR,  NKW  TORK,  N.   T. 

(Member  of  the  Society.) 

1.  A  water  wheel  is  credited  with  an  efficiency  depending  upon 
the  proportion  of  the  potential  energy  of  the  waterfall  available 
that  is  converted  into  mechanical  energy.  Questions  as  to  height 
of  source  or  subsequent  fall  to  sea  level  are  not  considered.  A 
wheel  located  midway  on  the  length  of  a  river  is  charged  with  a 
certain  volume  of  water  per  second  falling  from  the  level  of  the 
forebay  to  that  of  the  tail  race.  The  source  of  the  river  may  be 
in  the  mountains  hundreds  of  feet  above  the  forebay,  and  the 
tail  race  may  be  many  feet  above  sea  level.  That  is  the  result  of 
conditions  imposed  upon  the  engineer,  and  not  the  fault  of  the 
wheel. 

2.  Steam  expanding  adiabatically  works  at  the  expense  of  its 
own  heat  energy.  From  the  initial  condition  as  to  pressure,  mois- 
ture or  superheat,  expansion  to  the  pressure  of  the  exhaust  ren- 
ders available  for  conversion  into  work  an  amount  of  heat  which 
is  constant  for  each  set  of  conditions.  This  amount  fixes  the 
limit  to  the  economy  of  the  engine.  Whether  the  boilers  could 
generate  steam  at  higher  pressure,  with  less  moisture  or  more 
superheat  and  the  piping  system  deliver  the  steam  to  the  engine 
with  smaller  losses,  or  whether  the  condensing  apparatus  could 
maintain  a  higlier  vacuum  are  questions  akin  to  the  fall  of  water 
at  the  wheel,  and  are  aside  from  the  performance  of  the  engine 
as  a  prime  mover.  It  works  between  limits  set  by  the  designer 
of  the  power  plant  to  meet  existing  conditions,  and  is  not  properly 
chargeable  with  what  might  have  been  done  under  different  con- 
ditions. 

3.  The  examination  of  a  number  of  tests  with  this  thought  in 

*  Presented  at  the  Chicago  meeting  (May  and  June,  1004)  of  the  American 
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TranBOCtioM, 


THE  POTENTIAL   EFFICIENCY   OF   PRIME   MOTEHS.  921 

Drought  out  enough  matter  of  interest  to  make  it  appear 
present  the  subject  for  discussion.  The  term  "  poton- 
ncy  "  might  be  replaced  by  "  kinetic  efficiency  "  when 
il  steain  turbine  or  a  Pelton  wheel  is  under  considera- 
may  even  be  thought  tliat  a  new  t^rm  is  unwarranted; 
f  ivhoh',  the  one  presented  has  appeared  admissible  and 


/.    Wafer  Wfi^eU. 

efficienry  of  n  water  wheel  is  easily  expressed  and  easily 
ided.  If  the  height  of  fall  is  //  feet,  and  the  flow  in 
per  second  is  Q.  the  energy  per  second  is  C2..1  Q  ff ; 
is  the  brake  horse-power  developed,  the  work  done  per 
>50  B  foot  pounds.  Then  the  potential  efficiency  is 
_  550  B 
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'  given  the  residt*  of  a  number  of  teata  on 
e  efficiencies  are  expreaaed  in  the  u^ual  way. 
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Data  for  most  of  the  wheels  were  obtained  from  Professor  Wood's 
"  Theory  of  Turbines,"  and  some  of  the  tests  were  made  at  Jhe 
Holyoke  testing  flume.  The  data  for  the  Pelton  wheels  were  fur- 
nished by  Mr.  Henry,  chief  engineer  for  the  Pelton  Water  Wheel 
Company.  The  Casciade  wheel  is  a  form  of  impulse  wheel  tested 
under  the  direction  of  Professor  Hitchcock  of  the  Ohio  State 
University. 

6.  The  results  show  the  usefulness  of  the  guide  and  vane  type 
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of  wlieel  for  low  heads  and  the  remarkable  efficiency  of  the  nozzle 
and  bucket  type  under  high  heads.  The  test  on  the  centrifugal 
pump  is  added  to  indicate  the  growing  effectiveness  of  modem 
high-lift  pumps. 

7.  In  Fig.  457  curve  A  represents  a  series  of  tests  with  different 
gate  openings  on  a  Boyden  outward  flow  turbine  and  on  a  Booth 
inward  flow  turbine.  Curve  B  is  for  a  Collins  parallel  flow  wheel. 
Curves  C  and  D  are  for  inward  and  downward  flow  turbines,  the 
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^*  fiwain  "  and  "  Herciilea  "  respectively.  Curve  E  is  for  a  Pel- 
'^on  wheel  coupled  to  a  750  kilowatt  generator,  and  operating  under 
m  nominal  head  of  1,960  feet,  which  is  reduced  by  friction  to  about 
1«S20  feet  in  service.  The  speeds  are  430  rfvoliitions  per  uiiuute 
And  170  feet  per  second  at  the  rim.  The  regulation  is  by  a  de- 
flecting needle  nozzle,  which  accounts  for  the  shape  of  the  curve 
*3  compared  with  the  others.  The  output  was  measured  elec- 
****cally,  and  the  known  efficiency  of  the  generator  was  used  to  re- 
^^loe  results  to  brake  horse-power  for  comparison. 

//.  Steam  Engvnee. 

S.  The  heat  equivalent  of  a  horse-power  hour  is  33000  x  GO 
-*-  778  =  2545  B.  T.  IT.  Then,  if  if,  is  the  initial  total  heat 
of  the  steam,  H^  the  final  total  heat  after  adiabatie  expansion, 
■■sad  W  the  weight  of  steam  per  horse-power  hour  by  result  of  teat, 
*»*•«  potential  efficiency  is 

2545_ 

■'  "  tr(//,-/A) ^"^ 

d.  If  the  steam  is  wet  saturated,  the  initial  total  heat  will  be 
■^5i  =  x^ry  +  qx  in  which  Xi  is  the  proportion  of  one  pound  vapoi^ 
**ed,  r,  is  the  latent  heat  of  evaporation  and  qi  the  heat  of  the 
*iquid.  Since  the  expansion  is  to  be  adiabiitic  no  heat  is  trans- 
^kiitted  to  the  expanding  steam  and  the  entropy  roniaini^  constant. 
Xa  symbols 

^^  +  »,  =  ^+9. (3) 

in  which  Tt  is  the  initinl  absolute  tempcnitiire,  or  tcmporaturo 
Tabrcnheit  +  460,  and  l*,  is  the  entropy  uf  tho  liipiitl.  A  work- 
ing idea  of  tlie  nature  of  entropy  may  bo  gained  from  the  t«rm 

^-(J    which  expresses  the  quotient  of  the  iieat  put  into  tbo  stoain 

during  vaporization  divided  by  the  absolute  toui[>Graturt' ;  and  the 
term  ^1  is  not  esentially  ditTerent,  except  that  as  the  specific  heat 
of  water  is  not  constant  and  the  heat  is  put  into  tho  feed  water 
at  a  changing  temperature  the  numerical  vnlue  of  "i  is  obtained 
by  integration.  Hence,  for  present  purptu^i?*,  entropy  may  be  do- 
fined  as  the  heat  measured  in  British  thermal  miits  Absorbed  or 


II,- 


hj,=  r.(M-  +  »_»,)4 


!10.  After  finding  in  this  way  tJie  valneB  of  Bx  a 
tion  in  equation  (2)  determinea  tlie  potentdal  effici 
conditions.  The  symbols  T^  ^i  and  ^„  express  th 
poratiire,  entropy  and  heat  of  the  liquid  in  exbaa 
of  entropy  for  ateam  and  water  are  conveniently 
!  such  books  as  Professor  Peabody'a  "  Tables  of  Sat 

or  Professor  Reeve's  "  ThenuodynamicB  of  Heat  E 

11.  A  word  of  caution  may  be  timely  here, 
wnrk  the  vacinini  is  uaimlly  stated  in  inches  of  m 
measured  by  the  gauge  or  by  a  metcury  colmnn.  '. 
as  iriven  by  a  spring  gauge  a  foreword  of  caution  i 
gauges  arc  seldom  right.  But  if  the  vacuum  is 
inercnry  column,  as  it  should  be,  there  still  renui 
of  the  actual  absolute  preseure  and  temperature  in 
If  the  mercury  column  reads  28  inches  with  tl 
20.8,   the   absolute  pressure  in  the  TacuUm  is 

U.Tg^lg  =  "^-^^^  **  ^-^  =  ^-^^^  poundB  per  iqa 

tS  btoiiiii  tables  show  the  corresponding  temperator 

||f..  grccs  Falir. ;  while,  if  the  barometer  stood  at  SO. 

■'i*.*  iu  vacuum  would  be  0.491  x  3.4  =   1.-18  pounds  ' 

^ .  turc  of  107.6  degrees  Fahr.    TtuB  would  make  a  se 

',  in  the  amount  of  heat  made  available  for  oonverm 


li 
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which.  X2=  —  (ci  log, 
be  Enal  total  heat, 


T,      T 


T,{c,  log.  ^^ 


\  +  -l. 


m 


(8) 


lich  T,  is  tlic  absolute  temperature  of  tlio  steam,  log,  ia  the 
■botic  logaritlim  and  tlie  other  quantities  are  as  before.  The 
ible  heat  is  determined  by  /A  —  //»■ 

.  Some  uncertainty  attaches  to  the  value  to  be  used  for  c  the 
[io  heat  of  steam  at  the  various  initial  pressures  and  tem- 
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peratures.  Enough  has  been  done  to  make  it  certain  that  the 
value  0.48  established  by  Begnault  for  steam  at  atmospheric  press- 
ure does  not  apply  to  high  pressures  and  superheats.  Referring 
also  to  Fig.  458,  in  the  entropy  diagram,  the  curve  for  water  ap- 
proaches and  finally  meets  the  dry  steam  curve  at  the  critical  point 
for  aqueous  vapor.  Accurate  plotting  on  a  large  scale  fixed  this 
point  at  975  degrees  Fahr.,  which  is  quite  near  the  theoretical 
value.  Since  the  specific  heat  of  water  is  known  to*  increase  with 
temperature,  it  may  be  inferred  that  the  specific  heat  along  the 
dry  steam  curve  will  also  increase  with  temperature  and  finally 
equal  the  specific  heat  of  water  at  the  critical  point. 

14.  On  the  basis  of  0.48  at  atmospheric  pressure,  some  data 
furnished  by  Professor  Jacobus  for  steam  near  80  pounds  gauge 
and  the  conclusion  of  Professor  Bach  that  experiments  should 
show  a  .value  close  to  0.6,  the  curve  of  specific  heat  above  abso- 
lute pressure  in  Fig.  458  was  constructed,  using  the  value  0.6  for 
200  pounds  «ft)solute.  Later  researches,  although  inconclusive  and 
somewhat  discordant  as  to  results,  support  the  general  correctness 
of  this  assumption.  Since  the  function  is  a  straight  line  above 
atmospheric  pressure,  it  may  be  represented  by  the  equation, 

(7=  0.48  + 0.00065  i? (9) 

Where  p  is  the  gauge  pressure.  Below  atmospheric  pressure, 
the  function  becomes  a  straight  line  if  referred  to  temperature  as 
a  base  with  Hims  value  of  0.43  at  32  degrees  Fahr.  and  Reg- 
nault's  0.48  at  212  degrees  Fahr.  It  may  be  represented  by  the 
equation, 

C  =  0.43  4-  0.00028  (^  -  32) (10) 

where  t  is  temperature  Fahrenheit. 

15.  If  the  specific  heat  increases  with  the  pressure  and  for 
any  given  pressure  also  as  the  amount  of  superheat,  a  conclusion 
apparently  justified  by  researchers  already  made,  it  may  be  sug- 
gested here  that,  within  the  region  on  the  entropy-temperature 
diagram  likely  to  be  occupied  by  working  steam,  the  specific  heat 
may  be  represented  by  the  equation, 

C=a  +  hp  i-  €8 (11) 

Where  a  =  0.48,  h  is  the  increase  in  specific  heat  of  dry  saturated 
vapor  at  gauge  pressure  p,  and  e  is  the  average  increase  in  specific 
heat  at  constant  pressure  for  an  amount  s  of  superheat  in  degrees. 

16.  After  the  foregoing  discussion  but  little  explanation  is 
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t  to  be  needed  for  the  tables  and  curves  which  follovr, 
mputations  ntcoasary  are  applications  of  equntioa  (2)  to 
The  data  used  were  obtained  from  engine-builders'  eata- 
reporta  of  testa  published  in  engineering  journals  or 
'  from  the  parties  concerned.  In  some  instances  where 
ter  as  well  as  vacuum  readings  were  not  given,  some  ia- 
one  way  or  the  other  may  be  done  in  com|>aring  efficiencies. 

TABLE  n. 

POTBNTI*L  EFFICIBNCT  OF  STKAK-BnainES. 
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•'rom  Table  II  it  will  be  seen  (1)  that  eimple  engines  with 
velv  hiph-wntcr  rali^  may  ptniid  well  wbon  compared  on 
is  of  the  pro]niitii)ii  nf  available  licat  converted  into  work; 
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(2)  that  engines  built  to  use  superheated  steam  increase  in  poten- 
tial efBciencj  with  the  amount  of  Buperheat. 

18.  The  effect  of  size  on  economy  ia  very  well  shown  by  the 
curve  in  Fig.  450.  The  two  curves  in  Fig.  460  make  it  appear  that 
an  engine  built  to  run  either  condensing  or  non-condeusiog  may 
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have  not  only  a  higher  water  rate,  but  also  a  higher  potential 
efficiency  on  non-condensing  work. 

19.  The  lower  curves  in  Fig.  461  show  that  for  an  engine  rated 
at  5,200  indicati?d  horse-power  and  running  under  the  same  con- 
ditions of  steam  pressure,  load  and  vacuum  a  reheater  is  a  little 
worse  tlian  useless.  The  upper  curve  passed  through  groups  of 
tests  with  similar  loads  and  pressures  shows  increasing  efficiency 
for  the  higher  back  pressure.  It  also  presents  a  means  of  estimat- 
ing the  water  rate  for  conditions  other  than  those  of  the  testa. 
Thus  in  this  case  the  contract  called  for  a  water  rate  of  12.5 
pounds  per  indicated  horse-power  with  rated  load,  dry  steam  at 
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75  pounds  gauge  and  a  vacimm  of  27  inches  referred  to  normal   , 
atospheric  pressure.     The  available  beat  under  adiabatic  otpan'  1 
an  is  313.2  British  thennal  units  per  pound  of  ^tciini.     Usncft  J 
«  water  rate  at  the  eontraot  vacuum  where  the  potoQtial  effl- 
Bncy  is  0.66  should  he  W  =  2M5  -=-  313.2  x  0.6C  =  J2.3  pouodB 

30.  The  curves  B,  Fip.  in^.  give  Iho  performance  of  a  Ifi  &  30 
42  erosB  compound  Corliss  cimdcnsing  eiigiue  running  at  120 
volutions  ]vr  minute  between  120  pounds  gaugfl  and  2(J-inch 
cuum.  Althougli  rated  a!.  100  indicated  horse-power,  it  wiw  de- 
loping  only  100  horse-jmwer.  In  cmupnrison  with  this  in  the 
ir  of  Curves  V  for  t!u'  Van  der  Kerdiove  engines  tested  hy  Pro- 
^***'  Schriiter  under  full  load.  The  Btonm  prft.'jsure  wiis  131 
'nda  gauge  and  the  vncuiim  27.S  inches.    Both  pair.«  of  curvM 

_P*'actieally  straight  lines,  and  show  a  continuouH  incrttasc  in 
■«^ncy  with  the  am()UTit  of  superheat. 
■    T\u-  Vim  d<T  Kr'P'lir.ve  engine  wu«  a\m  tested  with  aatil-  , 
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rated  and  superheated  steam  under  varying  load,  and  the  results 
are  plnttod  in  curves  A  and  B,  in  Fig.  463.  It  will  be  noted  that 
the  curves  are  closely  parallel,  although  the  lower  one  is  slightly 
the  flatter.  Curve  C  is  for  an  engine  of  the  same  type  to  be  de- 
signed and  built  for  other  conditions.  Based  on  results  obtained 
\vith  the  engines  already  built  an  efficiency  of  63  per  cent,  on  indi- 
cated horae-power  is  assumed  for  the  new  engine.  The  available 
heat  is  352  British  thermal  unite  per  pound,  the  mechanical  effi- 
ciency of  the  engine  is  taken  at  0.92  and  of  the  generator  at  0.97. 
Then  the  steam  consumption  per  E.  H.  P.  hour  at  best  load  will 
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:2,545  -J-  352  x  0.C.3  x  0,92  x  0.07  =12.R     pouiula.       Tbi* 
point  i)  tliroiifrli   wliicli  curve  C  is  drawn  parallel  to  A 

III.  Sfnim   Turlines. 

This  form  of  i>ri iimviT,  tioniiiially  older  than  the  Clirif- 

a,  haw  in  tho  lii-l   m-oh'  nf  yciirs  taken  on  a  very   npi<i 
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■th.  The  present  size  of  unite  being  bnilt  is  a  matter  of  oom- 
knowledge.  The  results  of  careful  tpsta  on  sizes  already  in 
ce  are  given  in  Table  III.  For  the  purpose  of  ooinparisoa 
the  perforraanco  of  steam  engines,  the  efficiency  is  based  on 
corresponding  indicated  horae-jtower.  The  mechanical  effi- 
;y  is  taken  at  0.90  and  the  generator  efficiency  at  0.95,  which 
bines  at  S5.5  per  cent.  This  is  not  high  enough  for  large  ver- 
imits,  but  probably  quite  correct  for  a  general  compariaou. 

TABLE   III, 

POTBNTIAI,    EFFICIKNCY  Of   STKiM   TOIU«K»»- 
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.  As  in  steam  engines,  tlio  efficiency  increases  with  the 
mt  of  superheat;  Imt  sufficient  data  are  not  at  hand  to  permit 
lotting  of  curves  like  those  in  Fig.  402.  An  interesting  (JHM- 
ia  raided  in  the  performance  of  a  300  kilowatt  steam  tuii)tne 
ill  load  with  constant  steam  prcssuro  and  varying  vacuum. 
«  the  water  rate  deereasin  continuously  tlip  nffieiency  ap- 
(  to  puss  a  maxinnuii  nt  21  inches  vacuum,  as  shown  by  the 
;>N  in  Fig.  4(i4.  A  reiis-in  I'nr  this  may  be  found  in  the  rapidly 
asing  amount  of  heat  availiible  as  the  vacuum  rises.  This 
togetlicr  with  the  iuereii^ing  cost   of  maintaining   a   high 
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vacuum,  may  be  expected  to  locate  aome  point  which  gives  the 
minimiim  yearly  total  cost  of  power. 


IV.  Seta  Effieietuiies. 


24.  An  extended  discussion  of  all  heat  efficiencies  proposed 
r  current  seems  unnecessary.     The  Committee  of  the  Institu- 
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tion  o£  Civil  Engineers  defines  "  thermal  efficiency  *'  as  the  pro- 
portion of  heat  utilized  to  heat  supplied;  and  they  also  define  an 
"  efficiency  ratio  "  as  the  proportion  which  the  thermal  efficiency 
bears  to  the  efficiency  by  the  Rankine  Cycle.  In  Volume  XXIV., 
p.  755,  Transactions  American  Society  of  Mechanical  Engi- 
neers, the  thermal  efficiency  ratio  is  the  proportion  which  the 
heat  equivalent  of  the  power  developed  bears  to  the  total 
amount  of  heat  actually  consumed  as  determined  by  test.     In 
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^nt  magazine  article  Professor  Ratean  explains  the  term 
bal "  efficiency  aa  the  eomblaed  efficioney  of  turbine  and 
mo  as  measured  by  the  ratio  of  the  actual  consumption  of  the 
le  to  the  theoretical  consumption  of  an  assumed  perfect  en- 
Doubtless  a  common  ide&  underlies  all  this.  The  purpose 
lis  paper  is  to  give  such  an  idea  more  definite  form  and  a 
icteristic  name. 

DISCUSSION, 
r.  Sidney  A.  Reeve. — Mr,  Kerr's  paper  ia  to  be  regarded  as 
sf  great  interest  and  importance.     The  writer  has  frequently 

in  past  years,  expreasiona  from  engineers  of  a  desire  for  an 
ency  percentage  which  should  mean  something.  An  effi- 
ij  percentage  is  generally  understood  lo  mean  the  portiou 
hat  a  machine  ought  to  do  which  it  actually  does  do.  Iliis 
:hermo<lynaniic  efficiency  plainly  is  not.  To  tell  a  man  that 
ifBciencv  of  a  certain  engine,  for  instance,  is  7  per  cent,  im- 
I  to  him  no  infonnation  as  to  the  worth  of  that  engine  unlcm 
!  go  with  it  a  mass  of  other  data  which  will  enable  him  to 
e  ont  that  the  engine  might  possibly  have  attained  a  thernio- 
niic  efficiency  of,  say,  14  per  cent.  From  this  secondary  step. 
osing  that  lie  carries  with  him  the  technical  familiarity  with 

work  to  enable  liiiii  to  take  it,  he  may  draw  the  conehuion 
the  engine's  performance  is  really  one-half  of  what  it  might 

Ihi'u;  or,  in  fact,  that  itrf  true  efficiency  was  60  instead  of  7 
cut. 

is  tliis  true  statement  of  the  engine's  m-tual  perfonnanco  in 
irtion  of  wliat  il  iiiiglit  liavc-  done  whi<'h  Mr,  Kerr  rails  it« 
iliul  ethciciicy.  For  Ins  excellent  work  in  i-eeking  the  intro- 
on  of  the  liahit  iif  using  rhis  vahie  at»  an  indicator  of  the 
!i  revealed  by  every  engine-test  we  all  of  u.«  owe  him  cordial 
tuile,  "With  the  Tiiiiiic  witli  which  be  has  christened  it, 
■ver,  I  wish  to  (]u;irrrl  ^liglltly, 

the  first  ])lace,  wliile  Hie  energy  available  for  work  is  of 
itial  form  in  tlie  walt'r-whecl  analogy  from  which  he  draws 

lustration  of  (he  tenti,  In  the  steain-engiiie  it  ik  not.  Speak- 
iiore  ai'curately,  imt  all  cif  it  is  piitentiiil  in  fonn.  Much  of 
kinetic  thermal  eiierjry.    Tlirrcfcire,  there  is  no  ae-tive  rvaxon 

the  tenn  "polcntial  "  should  lie  used  iit  all  in  thin  case — 
'ially  as  he  is  fnreed  \«  almridon  it  so  si»on  as  the  steam- 
le  under  consideration  becomes  turbiuf  in  form. 
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On  the  other  hand,  if  this  term  which  Mr.  Kerr  advocates  be 
the  true  efficiency  of  any  concrete  thing,  it  is  that  of  the  engine- 
cylinder  and  its  valves  and  ports.  It  expresses  truly  the  skill  with 
which  the  entire  portion  of  the  engine  which  is  devoted  to  thermo- 
dynamic activities,  as  contrasted  with  that  portion  which  is 
devoted  to  the  transmission  of  the  power  developed  on  the  piston 
to  the  shaft,  performs  its  allotted  task.  It  tells  instantly  the 
proportion  of  the  possibilities  theoretically  open  to  the  designer 
which  he  was  able  to  develop,  in  so  far  as  his  skill  was  applied 
to  the  design  of  the  cylinder  and  its  adjuncts. 

For  this  reason  I  have  always  called  this  efficiency  the  "cylin- 
der-efficiency," and  under  that  name  it  has  been  presented  to 
my  students,  for  the  past  eight  years,  as  the  prime  indicator  of 
the  worth  or  the  fault  of  an  engine.  It  was  given  prominence  in 
my  text-book,  "  The  Thermodynamics  of  Heat  Engines,"  pub- 
lished some  eighteen  months  ago.  It  was  under  this  name  that  I 
urged  its  adoption,  not  only  as  one  of  the  many  efficiencies  which 
might  be  assigned  to  an  engine,  but  as  the  one  of  chief  signifi- 
cance, upon  the  Committee  of  the  Society  which  reported  upon 
the  proper  system  of  engine-testing  at  the  May  meeting  in  Bos- 
ton, in  1902.  At  that  meeting  I  advocated  the  same  step  orally. 
But  iny  letter  never  received  either  acknowledgement  or  reply, 
and  my  oral  suggestion  was  unanimously  approved  by  just  one 
man.  So  I  have  been  forced  to  feel  that  as  a  missionary  I  am 
a  failure.  I  know  how  it  must  feel  to  have  been  eaten  up.  From 
the  darkness  and  oblivion  of  the  interior  comes  this  voice  hand- 
ing over  the  honors  and  the  tril)ulations  of  the  task  to  Mr.  Kerr. 

In  regard  to  Mr.  Kerr's  Table  II.,  on  page  918,  of  values  evi- 
denced by  standard  existing  engines  of  varied  types,  I  would  raise 
some  suspicion  as  to  the  values  computed  and  reported  there 
for  the  efficiency  in  question.  This  suspicion  arises  from  the 
fact  that  many  of  the  values  are  higher  than  any  that  I  have 
ever  found.  In  those  engines  using  superheated  steam  I  explain 
it  as  partly  due  to  an  erroneous  assumption  as  to  the  specific 
heat  of  superheated  steam.  It  having  appeared  plain  to  me  some 
years  ago  that  Regnault's  value,  0.48,  did  not  at  all  coincide 
with  later  investigations,  I  have  gathered  w^hat  recent  observa- 
tions have  come  to  my  hand  in  a  paper  upon  the  topic  which  is 
at  present  about  to  be  published  in  the  Journal  of  the  Worcester 
Polytechnic  Institute.  In  this  search  I  found  reason  for  re- 
computing the  observations  made  by  the  late  Mr.  Grindley  and 
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'ttjioae  of  Dr.  Griessmann  at  Dresden,  by  a  luetliod  which  Reemed 
"^0  me  to  be  more  accurate  than  theirs  and  which  would  bring 
"^he  two  into  harmony  upon  a  common  biisis  which  they  did  not 
^^efore  possess.     The  results  of  this  method  1  present  in  the  fol- 
lowing table  of  total  and  specific  heats  of  superheated  steam. 
It  will  be  seen  that  the  conditions -never  ntach,  as  to  pressure 
4xiA  temperature,  those  commonly  occurring  in  engine-practice. 
-    As  to  what  is  the  specific  heat  under  those  conditions  I  know 
~  nothing  exact.     From   the  field   which   is   covered,   however,   it 
would   appear  plain   that   the  specific  heat   is   higher   than   the 
highest  value  stated  by  Mr.  Kerr,  0.6.    I'i^ing  the  assuujod  value 
of  0.75,  therefore,  which  I  consider  noiu-  too  high,   I  have  re- 
computed a  fow  of  the  values  for  the  potential  efficiency  given 
on  page  918  of  his  papers.    The  great  uncertainty  as  to  what  de- 
gree of  vacuum  is  meant  by  so  many  inches  of  inerciiry  renders 
the  comparison  inexact;  but  it   will  serve   approximately.     All 
condenser-olbservations   should   always   be    sttiled    either    in    the 
Absolute  inches  of  mercury  or  in  degrees  Fahrenheit.     The  lattor 
is  easier  to  observe  and  is  much  more  exact  than  any  sort  of  .i 
pressure-gauge  except  a  mereury-coluinn. 


PiDfeasor  Ewiug's  Sheffield  test 88.0  88  1 

■;               "        Krocklong  test 60  1)0  «((  3 

Mlddlepolder  tost 71.0  60.7 

Lewicki's  T hale  tost 7t(.T  73  8 

Schmidt  engine  Bt  Pabiance BO  5  T4.II 

Professor  Ooaa'  IndianapilU  test. BO  3  77.2 

Jaciibus'  Millbournu  test (18.8  01,1 

It  is  plain  that  if  the  specific  heat  br  higher  than- we  now 
think  that  it  is,  we  «!■<■  deceiving  ourselves  an  to  the  excjjHonce 
of  our  engines  using  superheate<l  steam  and  also  as  to  the  ap- 
parently poor  etficiency  of  our  superheali'rH. 

As  to  Mr.  Kerr's  equations  on  pago  9].".,  I  would  suggest  that 
they  give  au  unnccessnrily  complex  idea  "f  the  very  simple  com- 
putation required  t"  wtate  this  "  potentiiil  "  or  "cylinder"  effi- 
ciency. My  steaui-tahhs  contain  all  of  the  en  t  ropy -values  needed, 
already  computed.  The  ta,-*k,  for  saturated  stf-aiii,  then  reduceg 
to  (1)  to  look  up  the  boiler-pressure  level  in  the  tablo  and  note 
the  total  heat  and  the  Hteam-entrnpy;  (2)  lo  hiok  up  the  exhaust- 
pressure  level  a_nd  note  the  water-heat,  the  waler-entropy  and 
the   temperature;  (S)  subtract  the  sccoud  heat  from  the  first; 


cciicics/"'  on  pji^c  J>21 — viz.,  there  is^  no  such  thii 
tnrl)iii('.  When  the  '' l^ovden  "  tnrbinrs  were  i 
into  tlic  mills  at  Lowell,  the  first  one  was  put  in  a 
Mill-/'  The  sneeess  of  this  one  led  to  their  adopi 
mills,  and  the  one  at  the  ^'  Tremont  Mills  "  wa 
Francis,  who  pnhlished  his  results  as  those  of  ''  tl 
l)in<\''  l)nt  it  was  simply  one  of  the  Boyden  wl 
const  rncted  for  the  different  mills  and  not  a  distill 
The  turhinc  at  the  '*  l^>oth  Mills,"  which  he  a 
an  experimental  one  of  his  own  design,  rever? 
of  the  ^ni(h's  and  l)uckets  from  those  of  the  l?oy 
son  wheel,  jiikI  was  never  duplicated.  This  mel 
tlow  '"  was  taken  up  hy  many  other  inventors,  S 
otheix,  and  became  the  leading  type  since  folh 
>te])  wa>  to  discard  the  inward  discharge,  and  m 
ward,"  while  the  water  entercnl  from  the  cii 
made  a  "  quarter  turn.''  One  of  the  earliest,  wli 
was  the  "  Vandewater,"  which  was  improved  by 
nt'  M<»nnt  Ilojly,  X.  J.,  and  one  of  which  I  t(^ 
friinial  Kxj)osition  in  ls7<),  obtaining  over  SO  pei 
riii-  wa-  soon  followed  by  the  ''Victor,"  '^  liei 
( 'oiMiiiek  wlieels,  all  possessing  the  same  gene 
fewer  and  I  a  rue  r  huckets,  lessening  the  periphe 
ii'lniiitinii"  much  larger  volumes  of  water  to  be  i 
•  liaiiirier  (»f  wheel.  The  results  as  colkxrted  bv 
with  my  own  te.-ts  and  observations,  and  show  th 
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■«»»^ommnees  proposed  by  Mr,  C,  V.  Kerr  is  certainly  the  best 
A^thod  of  making  atich  comparison.  Thpre  is,  however,  nothinf* 
i^ww  in  (hi,*  method.  Professor  Hateaii  makes  use  of  it  in  show- 
■li^r  his  turbine  efficiencies.  I  baVe  ahvnvs  done  so  in  prophesy- 
Ea^    the  ecdiiomy  of  Westinghouse-Parsons  steam  turbines. 

Tlie  principal  object  of  Mr.  Kerr's  paper  seems  to  be  to  pro- 
pose a  new  name  for  this  efficiency;  viz.,  "  Potential  Efficiency," 
I   am  not  sure  that  I  think  this  a  good  name,  because  it  is  new 
^*i«i  gives  till  ehie  as  to  what  is  meant. 

I  havf  fiiiind  myself  generally  nndrrstood  by  using  the  term 

Sifficiencv  I'f  the  Rankin  Cycle  EfKcit-ncy."     This  is  cnmber- 

"^wxip,  but   I  see  no  objection  to  the  old-fashioned  expression 

ICinrtic  Efficiency"  for  this  purpose. 

J'rof.  I).  S.  Jacobus. — In  the  "  Report  of  the  Civil  Engineers  of 

t-oudim  lUi  Standards  of  Thermal  EffiiMeney  for  Steam  Engines  " 

■^      is  recoiniricndcii  that  the  ratio  of  the  efficiency  of  un  t-ngine 

t**     tliat  ni  iin  ideal  engine  working  with   the  Rankine  cycle  bo 

"^o  term  in  CI  1.     This  ia  also  recommendetl  in  the  "  Report  of  the 

^^Oinmittce  of  this  Society  on  Standardizing  Engine  TpBts."     I 

^•"Onld  liki>  In  ask  Mr.  Kerr  whether  this  ratio  is  not  the  same  aa 

***«  one  wliifti  lie  gives. 

Professor  Kceve  says  that  he  made  some  suf^estions  to  the 
''^'Ciininittif  in  his  discussion  on  Standanlizing  F)nginp  Tests,  and 
"*-**at  this  was  the  last  he  heard  of  his  suggestions.  Perhaps  ho 
^*^d  not  rrail  the  Committee's  final  report  becaiisp  his  ideas  were 
^^^Uowed  to  tlie  extent  of  incorporating  the  factor  for  ratio* 
*^f  pfficiem-v  recommended  by  the  Civil  EnglneerM  of  T^mdon. 
"•^iirtherinori'  a  chart  is  reproduced  in  the  report  from  which 
^^y  Hmple  observation  the  heat  consumption  of  the  ideal  engine 
"Zander  any  set  of  conditions  can  be  readily  obtained. 

J/r.  llfnnj  L.  Doheriy. — I  regret  t>  see  a  tendency  to  ehange 
"^rom  onr  old  efficiency  of  rating.  I  am  afraid  that  would  tie  VM 
1o  a  steam  turbine  or  a  steam  engine,  and  we  need  a  rating  that 
applies  to  all  sorts  of  prime  movers.  The  internal  combustion 
«ngine  I  l>elieve  would  soon  be  on  a  basis  where,  conaidering  the 
available  heat  that  it  might  use,  it  would  have  an  efficiency  of 
over  100  per  cent.  You  will  have  to  have  one  basis  for  thai  and 
another  basis  for  the  steam  engine. 

Mr.  C.  W.  Rice.— In  rcinling  Mr,  JCerr's  paper  I  notice  that 
he  mentions  the  ncint  test  of  an  engine  having  a  combined  etB- 
ciency  of  !)5  per  cent,     I  would  like  to  know  from  him  whether 


piirina'  cii'iiiu*  porfonuances.  Wliat  the  tcchn 
is  of  less  iiiiportaiKu*,  but  the  one  proposed  is  : 
peculiarly  fitting.  The  iiiinierical  values  of  the 
of  the  British  Civil  En<]:ineers,  of  the  **  eylin 
Pr(>f('ssor  Reev(%  of  the  '*  ^lohal  elKcieney.''  of 
nv  of  the  ''  potential  eitieieney  "  as  here  defined 
to  the  same  eonditions,  be  id(Mitieal.  But  th 
(Hiciciiey  ''  has  the  advantages  of  expn^ssing 
for  the  j)rini('  mover  to  do,  of  bein<L^  <lir(vtly  d( 
ciciicy  rat !(►,■'  for  instanee  is  not,  and  of  niakir 
(•<uiij)ariso]is  between  the  ])erfornianees  of  Wi 
eiiiiines  and  steam  turbines. 

For  Professor  K(»eve's  frank  and  earnest  si 
involvecl  and  for  his  kind  words  in  appreciation 
urntefiil.  And,  if  he  or  any  one  else  will  su<2 
than  "  j)ofeTitial  ellieieney ''  which  all  will  ace* 
hiif  I  (I  fjir  if /('(J  pirrail. 

riie  (litl'ere]i(*es  in  values  of  potential  effic 
rrot"e-.<oi-  lu-eve  in  usini^"  0.75  as  the  specific  h 
>h';iiM,  :is  eoiiipared  with  my  own  results  are 
>f'ji relief  e>i;ibli-hinii'  \hr  facts  of  superheated  : 
•  lid  for  -aiiirated  steam,  rather  than  apiinst 
My  |);iprr  j>iirpo-(dy  iiives  in  full  the  data  and  m 
ill  e\ciit  of  ihe  facts  being  (vstablislied  the  pro 
i'c  in.'ide  in  fufui'c*  (*omparisons. 
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is  harvest  than  the  cradle,  and  the  housewife  prefers  th« 
r  loom  in  the  factory  rather  than  the  spinning-wheel  in  the 
'.  The  direct  driving  of  generators  by  water  wheels,  stonni 
les  and  engines,  only  one  of  these  prime  movers  yielding  an 
cator  card,"  makes  a  modern  method  of  comparing  effi- 
es  desirable. 

clear  understanding  of  the  meaning  of  potential  efficioney 
I  probably  have  saved  ifr.  Doherty  from  the  error  of  snp- 
?  that  the  efficiency  of  the  internal  comhnstion  engine  on  the 
of  available  beat  could  be  over  100  per  cent.  The  potential 
ney  of  the  other  prime  movers  named  really  depends  upon 
otential  energy  available  in  a  pound  of  water  used  in  the 
al  state  or  as  steam.  If  the  specific  beat  of  gasca  did  not 
■e  with  high  temperature,  or  if  the  law  of  change  were  known, 
uld  compute  the  initial  temperature  and  pressure  possible  in 
BS  engine  cylinder,  and  assuming  adiabatic  expansion,  oom- 
the  energy  available  per  pound  of  c-xplosive  mixture.  For 
urther  reason  that  so  few  gas  engine  tests  are  made  or 
ted  with  the  data  here  needed,  I  decided  to  omit  a  compiirison 
1  engine  perfonnanee  with  that  of  other  prime  movers.  This 
y  delays  a  complete  comparison  of  all  prime  raovera  on  the 
basis,  and  is  no  excuse  for  not  using  the  data  or  methods  at 

[>  historical  matter  furnl.'^befl  by  Mr.  Webber  is  of  interest 
las  led  to  slight  ebiMig<'rf  in  tlie  text.  Jlis  support  of  thn 
•tness  of  results  verities  the  conclusion  based  on  Tablea  T, 
d  III,  that  tbe  steam  eiigino  or  turbine  has  not  reached  tUo 
of  potential  efficiency  .st-t  by  the  water  wheels. 
?  output  of  a  generiitor  is  eonveniently  measured  in  terms 
■  kilowatt  hour,  the  beat  ecpiivnlent  of  which  is  3,412  Britwh 
lal  units.  If  tlio  generator  is  driven  by  a  steam  turbine  or 
e,  the  potential  efficiency  is  expressed  hy 
_        3,412 

^  -,.(//,- /A) 

ieh  3,412^^2,.''>ir.x  l."l  mid  "'  i'^  the  observed  wftter  rate 
lowntt  hour.  Henc-  llie  change  in  heat  equivalent  does  not 
the  mecbanieal  <'lbciency  of  prime  mover  and  generator, 
meehanieal  etlicieney  is  about  0.1)0  and  the  S,412  bo  changrtd 
00,  then 

„         2,.^4r,         _  _   ,1,K00 
~"-,(//i-/A)~-"-."(//i-^ 


942  THE  POTENTIAL  EFFICIENCY  OP  PRIME  HOVERS. 

in  which  w  is  the  observed  water  rate  per  indicated  horse-power, 
and  w  is  the  water  rate  per  kilowatt  hour.  Or,  if  the  mechanical 
efficiency  is  about  0.85,  the  3,412  becomes  4,000  and 

4,000  I 


P  = 


w  {B^-H,) 


In  the  case  of  the  water  wheel  driving  the  generator,  the  poten- 
tial efficiency  will  be 

p  ^     737.3 


62.3  QJI 

since  the  mechanical  equivalent  of  a  kilowatt  is  737.3  foot  pounds 
per  second. 

To  compare  the  performance  of  prime  movers  driving  genera- 
tors, it  will  be  convenient  to  make 

J.  3,412  737.3 

P  =  — :-,i — FT^  or 


w{IJ,-B^)       62.S  QH 

which  may  be  called  the  commercial  or  practical  potential  effi- 
ciency. 
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^DlE.<liOnOUQH    DOCK   ELECTRIC   AND   UYDRMU.IC 
POWER   PLANT. 


(HcinberIniCitulionMecluiiiic>lEn£lnitr«.1 

Now  that  the  question  of  electrical  appliances  for  tUtck  piir- 
a  is  8o  generally  considered,  the  author  thinks  that  it  may 
f  interest  to  reciird  and  place  before  the  members  of  the  In- 
■taon  the  particulars  of  the  installation  and  the  teats  which 

*  been  made  at  Mid  dies  borough  Dock,  on  the  North  Eastern 
"Way,  comparing  hydraulic  with  electric.     These  are  working 

l)y  aide,  and  are  all  Ihomughly  u|>  to  date,  giving  an  excellent 
artunity  for  judging  the  value  of  the  one  against  the  other, 
»r  as  economy  in  working  is  concerned.  Ho  propiwoB  thore- 
■  lirnt  to  di'HerilH'  the  luucliinery  at  this  dock,  and  then  to  give 

viTv  f-nn-ful  testii  which  have  been  carried  out. 

-  Wliiii  the  (lock.  Fig.  -tfi.'i,  wan  eonatructed,  it  wao  eiinipited 
h  ftteani  cranes,  and  had  a  small  hydraulic  power  station  for 
-king  the  bridge  mid  gnte  niaehirierv.  Twelve  yearn  later,  a 
ther  extension  wa.s  made,  and  h.ydraulic  cranes  wcrt^  then  suf^ 
id  to  the  new  extension.     A  separate  electric  lighting  «tAtion 

*  also  put  down  for  dock  lighting.  With  this  plant,  in  tlio  year 
W  the  following  tonnage  was  dealt  with;— 

Ciml  »n<l  PoNe  eiportcii      , SSMIA 

MpwlmnillBn,  rxpiiri.'cl 19T.W8 

imported W.BII 

Ballast  worked l.TM 

Or  ■  total  of 4n,Hl 


4 


Prasealed  at  the  ChtCD^  movtlnii  (May  and  Jniici,  1M4]  of  tits  Ainnleaii 
vtj  of  MtKhaDlcai   Engluucre,  and  furniioK  part  of  Volant*  XXV.  of  Uic 


4 

J 
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liis  work : — 

Cual. 
Ton*,      Cwtl, 

I slpain  cranes  bomt ,.1,380      0 

>  hydraulic  Btalion  barnt 9«    IB 

elpclHc  alatlon  burnt 888    11 

OtRtolalof 3,816      6 

otal  merchandise  worked  per  ton  of  coal  burnt  was  there- 
'  tons, 

ben  tlie  present  extension  waa  proposed,  after  careful 
ation  it  was  deoidnl  to  almndon  tlip  stfant  cranes  and  to 
;heir  places  with  electric  cranes,  and,  at  tlie  same  time, 
ue  large  power  station,  whicli  would  supply  both  the 
power  for  the  cranes  and  for  the  lighting;  and  the  liy- 
power,  water  for  the  hydraulic  plant.  The  work  in  con- 
with  the  power  dtaliun  was  divided  into  two  eiMilracts, 
Siemens  Brothers  &  Co.,  of  Woolwich,  being  responsible 
elpetricnl  portion,  and  Meesrs.  Oarrick  &  Wurdale.  of 
ad-on-TyuP,  for  the  hydraulic  installation. 
le  power  station  conlaiiia  three  sets  of  Messrs.  iJidli^is  & 
i'b  compound  three-crank  aelf-luhricating  quick-revolnlion 
engines,  discharging  with  independent  condensing  plants, 
veloping  360  B.II.P.  at  a  steam-prossnre  of  150  pounds 
»n'  ineli  at  ti  speed  i.f  ;{S0  revolutions  |wr  niiiiiite;  these 
are  direet  rmi]ded  lo  tiiree  Kiemcna'  dynamos,  which  have 
It  of  240  kilowatts  at  430  volts  when  running  at  a  speetl  of 
"llltiiins  j)er  minute. 
•  '   eiij:irie-i   nil    ii    -I\    Imiu'-'    le-l-niii    jjnve    ihe    folliiwing 

pn^s^uro  nil  range 1>')1  Ibe.  |ier  Bi|uiin)  iocti. 

IirvsaurulnBtDHDicIimt 1S8  11m>.  pi-r  wiuue  inch. 

ni 24  Jnclioe. 

atioDB  per  minute flSO. 


agBxap^rcK 0,70. 

»ttB 237.5. 

con(moipti<.n 81 . 1  Ibe.  per  eleotrlo  H,  P." 

ai9.3  K.  a.  p.        „  .  . 

■"■■' ar,02ri.-BTPrf  =*'-•'*'■'*"* 

f  switchboard  is  i>f  marble,  and  consists  of  four  machine 
feeder  panel,  in  addition  to  tlie  lighting  panel     The  fai- 

*  EscluBJ  re  of  Htenoi  uat'd  liv  Ibe  cundensing  plaol. 

I  ExolnsiTe  of  power  ab^tnkcted  lij  tlie  condeiisiiig  plant. 


I 
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struments  are  of  the  moving  coil  type.  The  shunt  winding  of  each 
dynamo  is  brought  to  a  switch  on  the  board,  and  these  shunt 
switches  are  interlocked  with  their  respective  main  switches,  so 
that  it  is  impossible  to  break  the  exciting  circuit  of  any  machine 
until  the  armature  had  been  cut  out  of  circuit,  nor  can  the  arma- 
ture be  thrown  in  until  the  shunt  circuit  is  made.  The  three  ma- 
chines are  nm  in  parallel  upon  the  bus  bars,  and  the  shunt  circuits 
are  excited  from  the  bars. 

7.  The  three  hydraulic  engines  are  of  the  triple-expansion  sur- 
face-condensing inverted  vertical  marine  type.  The  pressure 
pumps,  three  in  number,  are  of  the  ordinary  ram  type,  worked 
directly  oflf  the  piston-rods,  and  each  set  is  capable  of  delivering  300 
gallons  per  minute  at  a  maximum  speed  of  240  feet,  against  an  ac- 
cumulator pressure  of  800  pounds  per  square  inch.  Both  the  hy- 
draulic and  electric  engines  can  also  be  worked  non-condensing, 
and  the  piping  and  valves  are  so  arranged  that  either  engine  can  be 
changed  over  from  condensing  to  non-condensing,  or  vice  versa, 
without  any  stoppage  whatever.  There  are  two  hydraulic  accumu- 
lators, 20  inches  diameter  by  23  feet  stroke,  and  situated  betwixt 
these  is  a  large  water-tank,  which  holds  12,000  gallons  for  supply 
to  the  pressure  pumps. 

8.  Tlie  hydraulic  engines  on  a  six  hours'  test-run  gave  the  fol- 
lowing results : — 

Water  pumped  at  a  piston  speed  of  240  feet  per  minute 81 1  gallons. 

Water  pumped  per  cwt.  of  coal  burnt 5,090       ** 

Steam  consumption  per  I.  IT.  P.  per  hour 14. 1  lbs.* 

Totall.  H.  P 181. 5.t 

Steam  pressure  per  square  inch 150  lbs. 

Vacuum 28.5  inches. 

„«  .  Pump  H.  P.  162.5        oA  ic 

Efficiency I.  H.  P  IST^  ^    89 . 5  per  cent. 

Accumulator  pressure 750  lbs.  per  sq.  in. 

9.  There  are  two  sets  of  condensing  plant  in  connection  with 
the  electric  steam-engines,  each  capable  of  dealing  with  15,000 
pounds  of  steam  per  hour ;  these  were  supplied  by  Messrs.  Carrick 
&  Wardale,  of  Gateshead-on-Tyne.  Each  set  comprises  a  com- 
pound steam-driven  air  and  circulating  pump,  together  with  a 
surface  condenser  combined  on  one  bedplate.  The  circulating 
water  is  passed  zigzag  through  the  condenser,  and  the  quantity  used 

*  Exclusive  of  the  steam  used  by  the  circulating  pump, 
f  Exclusive  of  the  power  absorbed  by  the  circulating  pump. 
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ty  tinips  tlip  amount  of  .steam  dpalt  with,  nm!  tho  vnciium 
lined  from  27  to  29  inches.  Tlio  circiiliitinp  water  is  drawn 
the  dock,  a  distance  of  ;tOO  foct  tliroii^rli  im  IS-jncli  auction- 
ind  at  low  water  these  pumps  have  a  lift  of  15  feet,  but  no 
Itj  has  been  cxperieticod  in  getting  the  wat*r  even  at  Buoh 
t  distance.  There  is  also  a  drculating  pump,  fitted  by  the 
nakers,  for  supplying  water  to  the  contlensers  of  the  hy- 
;  engines,  and  it  is  similar  in  design  tts  tiic  efretnc  plant, 
ree  feed  pumps  and  filters  were  supplied  by  Messrs.  Henry 
n&  Sons,  High  Bridge  Worlra,  Newc!istle-on-Tyne, 
The  boilers  for  both  plants  are  of  the  ordinar>'  I^neasbire 
ix  in  number,  30  feet  long,  8  feet  6  inches  diameter,  working 
re  160  pounds  per  square  inch,  and  were  made  by  Messrs. 
T.  Banks,  of  Netherton,  The  boilers  are  fitted  with  Proc- 
hovel  stokers,  and  the  coal  is  supplied  thereto  by  a  coal 
>r  and  conveyer  supplied  hy  Messrs.  Graham  Morton  &  Oo., 
■da,  the  coal  in  the  first  instance  being  raised  from  ground 
a  truck  by  nieani-  of  a  diagonal  liydraiiiic  lioi.^t  to  the  top  of 
al  cells  and  there  discharged,  A  Green's  Economizer  of 
bes,  9  feet  long,  4i*j  iriehcs  diameter^  is  fitted  in  connection 
le  boilers, 
boih'rs  on  a  six  hours'  test  pave  th<'  fallowing  results: — 


aDda.h«. 1  a-'OI'-'-.-T  7,H.r..nt. 

'  of  pwu  barnl. 

lumptinn  nf  coiiiliiis(il>lc> 4,HSa  llm. 

tibic  burnt  prrliour 80U  lbs, 

liblo  burnt  |HT  sqiinri'   fm.t  of  ki""''"   aren  )  o     ■!  ii 

of  walcr  evapornloii lIH.m) 

of  wattT  rvapnrntiit  [ht  liiivir C,OM 

of  water  ev»|mriilcd  iht  lu.micl.if  nml  burnt.  T  Jilbs. 

Feed  water  frnm  hot  well  at  110  degrfps  Fahr.  was  nm  to 
an  aceontit  of  iiit'a>-ui'ing  the  water,  and  town  water  was  put 
d  tank  at  a  tciiipe rat  lire  of  54  degrees  Fahr.,  or  equal 
B8  of  241  pounds  of  coal. 

steam  and  hydnuilic  niiiins  are  laid  in  circuit  in  tho  cti^ne 
liler  houses  respectively. 

The  contract  for  the  electric  cranes  and  capstanfl  conaiated 
■teen  ;t-ton  jiud  tivi-  ]0-toii  cranes.  Fij;s.  4flfl  and  4«",  and 
-six  1-ton  pull  cai..tan<.  Fig.  4(J8.     Th..  whole  of  the  e\oc 
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icnt  for  these  was  supplied  under  suli-oontraot  b^- 
0118  lirothcrs  &  Co.,  of  Woolwich, 
nllowing  arc  tlic  principal  particulars  of  the  3-ton 
Cf),  113  specififil : — 

b  top  pin  from  quay  level 60  feet. 

i> 44  fwc  9  inches. 

;,  3-ton  load 150  feet  ywrmiouw, 

;,  li-ton  load SSOfeet  per  minute. 

pee<i  at  hook 400  feet  per  miaute. 

ipeed 80  feet  per  minute. 

ir.  50  brake  horse-power 800  revs,  per  niinale. 

lotor,  8  bralte  horse-power 1,000  revs,  per  miDUte, 

rant'3  arc  of  tlie  higli  gantry  type,  with  gantry  30 
1  80  constructed  as  to  admit  of  the  passage  of  wagons 
iiiidonioath.  Tlic  whole  structure  is  rigidly  tied  t»^ 
ling-down  clips  for  fixing  to  the  rails  and  screw-down 
reusing  the  base  wht'n  the  mBxiinuiii  load  is  being 
>  also  provided,  but  tlic  crauea  are  aliNolutcly  stable, 
iO  per  ceiit.  ovi'rioad,  without  these  attuchnionts. 
■avclling  gear  niotiou  is  fitted  with  both  hand  and 
r,  the  hitter  cnnsistiiig  of  an  enclosed  aeries-wound 
ttor,  whii'b  is  couiiled  to  a  steel  wonn  working  into  a 
iinii-wlifel.  'I'lic  power  U  (■otiiiiinniealod  to  the  trod- 
>uns  of  spur  and  bevel  gearing,  th©  whoela  on  Oaeh 
uplcd  tiiijcther  l>v  means  of  a  cross  shaft,  thereby 
irniity  .if  rimveineiit  and  avoiding  any  twistiuff  strain 
Tlif  swili-h  gear  fur  tlie  travelling  motor  is  placed 
lit  case  upon  the  bottom  framing  of  the  gantry.  To 
iissibili(\-  nf  iiiiaiilliori/,e<l  persons  stHvting  the  gear, 
provided  witli  a  rletachable  key,  whieh  is  kept  in  the 

iTsuie-drivci-.  Tbo  top  framing  is  constructod  of  H 
1  up  intii  box  sliji|">  aod  earrying  the  heavy  pUta 
iie  roller  palli.  II  beam  cross-.^tays  tako  the  thrUBt 
e  struelure.  Tli.'  roller  path  and  niek  are  of  east- 
^  not  JHdted  to  the  top  plate,  and  whiUt  tliey  are  held 
'iMivi-  turned  iiut  of  the  latter,  they  admit  of  some 
1  ease  llie  eraiie  in  ease  of  a  fndden  stop  when  revolv- 
ers are  Iweiily-roiir  in  nniiiher  and  of  cast  steel. 
Hector  is  litti'd  lo  the  renter  pillar,  through  which 

passed  ami  atfai-bod  to  (and  consists  of)  two  copper 
1  upon  aiabroiii  lunl  .-eparated  by  rings  of  tho  same 


■ 
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matonal.  The  collecting  brushes  consist  of  two  gauze  sr 
cjicli  encircling  one  ring,  tlie  tension  being  regulate*!  l»y  m.i 
'J'heso  straps  are  attached  to  terminals,  which  in  turn  are  moi 
upon  porcelain  insulators,  from  which  the  cables  for  the  )s 
of  th(^  cranes  are  taken.  The  crane  cabin  is  of  teak,  and  the 
consists  of  a  wrought-iron  framing,  glazed  to  enable  the  ( 
to  have  full  view  of  his  load  throughout  the  operation, 
cabin  contains  the  lifting  and  sluing  gear  and  the  contr 
apj)aratus. 

17.  The  lifting  gear  consists  of  a  barrel,  wheel,  and  [ 
Tlie  Avroiiglit-steel  pinion  is  cut  from  a  blank,  forged  A 
tlie  shaft,  wliicli  is  fitted  with  a  half-coupling  to  meet  thai 
th(^  niot(U'  spindles  UiK)n  tliis  shaft  there  is  a  band  brake,  ac 
by  an  electro-magnet  which  will  be  described  later.  The 
i^cjirs  into  a  cast-iron  s])ur-wheel  keved  on  the  barrel  shaft. 
})inion  and  wheel  have  machine-cut  teeth,  and  work  in  a  c! 
<2.'ear  case,  which  forms  an  oil-bath. 

1  v^.  'i'he  revolving  g(»ar  consists  of  a  motor,  w^onn,  woni 
iind  s|)ur-<i('ar.  I'lie  worm  is  cut  from  a  blank,  forjred  sol 
the  sliaft,  which  in  turn  is  fitted  with  a  cou]>ling  to  ni 
jnotor.  The  worm  engages  with  a  delta  metal  wonn-whee 
])ini(>n  keyed  to  the  wonn-wheel  shaft  engages  with  a  spu 
wliicli  is  fitte<l  to  a  short  shaft  actuating  a  pinion.  Thi 
travels  ronnd  the  rack  of  the  crane  and  thus  slues  the  cf 
jil).  A  ])rake  actnatxMl  by  a  foot-treadle  is  fitted  to  the  tirs 
sj)in(n(\  s(>  tliat  the  sluing  motion  is  always  under  eoutr 
slnini:'  motor  is  of  similar  type  to  the  lifting. 

1I>.  The  (lectric  brake  magnet,  referred  to  previoiisl 
>onie  ])oints  of  interest.  It  is  placed  in  series  with  the  i 
ol'  tlie  liftinii"  motor,  and  consists  of  a  horse-shoe  magi 
j'oles  arranacd  as  those  of  a  two-pole  dynamo)  with  a  s- 
armature  of  special  shape  capable  of  revolving  betwe 
J  he  ])a<>ina'  of  the  current  round  the  field-coils  tends  to 
iiniiature  iln-ough  a  right  angle.  A  lever  is  fixed  to  tli 
the  ai'niatnr(\  and  the  brake,  which  is  normally  held  < 
l.rake  whec  1  by  a  weight,  is  connected  thereto  bv  a  r 
iiiovenient  of  the  armature  lifts  tlie  brake  and  releases  1 
wIkm  1.  The  t^Tcat  advantage  of  the  particular  fonn  o 
(lr<(  rilxd  lies  in  the  strong  pull  and  long  range  which  i 
riir  hrake  i^  also  coiinect(Ml  to  a  lever  wliich  stands  at  tli 
l(d't,  so  thai  it  can  be  operat(Ml  instantly  by  hand  when  i 

iM).  The  contridhM-  is  of  the  so-called  Universal  tv]>e. 
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I  of  two  separate  controllers  eoinbiaed  in  one  case  and  aclnated 
>ne  handle.  One  controller  actuates  the  lifling,  and  the  other 
sluing,  and  both  are  connected  by  pinions  and  (juadrantg  to  the 
M.  The  latter  is  so  arranged,  by  means  of  a  Universal  devicp, 
&  when  moved  in  a  vertical  plane  it  actuates  the  lifting,  and, 
L  horizontal  plane,  the  sluing  controller.  Thus  it  will  be  siH'n 
b  the  hook  follows  the  motion  of  the  driver's  hand,  lifting  wh(?n 
raises  the  lever,  and  so  on.    One  conspicuous  point  about  the 

troller  is  the  case  with  which  it  is  manipulalcd,  owing  to  the 
ence  of  click  gear  upon  the  immediate  contacts.  Notches  are 
'Tided  only  at  the  two  extremes  and  the  off  positions,  and,  in 
isequence,  the  controller  may  be  operated  throughout  the  day 
hout  fatigue  and  its  attendant  slackness.  The  resistances  arc 
id  inside  the  cabin. 

!1.  The  switchboard  consists  of  polished  slate,  framed  in  teak, 
1  fitted  with  main  douhlc-pole  switch  and  automatic  cut-out  in 
ing  circuit,  and  isolating  switches  in  sluing  cinaiit,  fuses  and 
iting.-iwitchcM. 

!2.  The  crane  cabin  is  well  lighted  by  fixed  and  portable  lamps, 
I  a  cluster,  in  an  enamelled  iron  reflector,  is  ILied  beneath  the 

half  way  up  its  length.  Terminals  are  provided  upon  tlie 
tchlward,  to  wliii-h  may  be  connected  an  insippction  voltuietcr 
1  ammeter. 

I3.  Each  3-ton  crane  on  being  completed  was  tested  in  the  fol- 
ing  manner : — 

i.  largo  iron  tub  (fitted  with  a  valve  at  tho  bottom),  weighing 
jn  net,  brought  close  to  the  quay  wall,  lowered  into  the  dock, 
■d  thri>iig]i  the  valve,  there  being  a  port  in  thf  side  of  the  tub 
ihat  the  weiglit  of  water  could  not  exceed  2  tons,  or  a  total 
1  of  3  tons.  This  was  lifted  30  feet,  and  slued  through  a  half 
lie  simultaneously,  then  lowered  on  to  the  quay,  where  tht? 
re  on  the  l«>tl<iin  of  tlie  lank  o])ene(I,  and  the  water  returned 
I  the  dock.     Tlie  tub  was  again  lifted  empty,  taken  back,  and 

same  process  continued. 

4.  Each  crane  wai*  worked  in  this  manner  for  three  hours, 
ting  on  an  avcrafje  100  lifts  in  the  stated  time.  The  oarront 
d  was  :— 


i  total  of  24.7  Board  of  Trade  Units  or  2,74  Board  of  Trade 
its  per  1,000  foot-t'ius,  or  a  total  cost  of  tJAd  pur  1,000  foot- 

s,  as  yhmvn  in  the  J:,\,U-  S».  >  of  costs. 


clcciric  craiR's  w(n-kint:'  together  under  siiiiila 
vessel,  <ni  iK'count  (A'  the  cargoes  at  ilidcUeslK)! 
a  varied  nature  and  th<*  vessels  ditFering  so  n 
to  ohtain  eoniparative  figures  as  to  the  cost  o 
special  test  was  math',  which  Avas  considered  tc 
])i*oach  to  the  actual  working  conditions  in  k 
ve>sers  hold,  and  the  tabulated  form  shows 
power  reiiuired.  The  iirst  load  was  2  tons  liftc 
of  lM)  feet  hy  the  single;  gear,  slued  through  IS 
h>were(l  :ii)  feet;  the  light  chain  hoiste<l  20  : 
>lne<l  l)ack  through  InO  degrees.  This  cycle 
jK'rfnrmed  tiv(i  times.  'I'he  load  was  then  in( 
tnii>  each  time,  up  to  and  including  10  tons,  an 
nf  cvnhilions  made  with  each  load  as  in  the  fi 
ucar  l)ring  n>e(l  for  the  lifting.  The  total 
S.  IT)!'.")  Hoard  of  Trade  Units,  or  2.717  per  1 
co>t  of  'k4(I.  per  1,000  foot-tous,  etiuivalent  to  t 
^)(  energy  j)er  minute  fur  the  total  work. 

-7.  The  auth(»r  does  uot  propose  to  take  u]) 
1»\  uoiuii'  fnllv  into  the  details  of  the  hvdraulic 
well  known,  hut  simplv  c(»ntent.s  hhnself  bv  st 
np-to  (late  de-ign,  as  shown  in  accompanying 
with  a  capacity  of  10  tous,  and  having  tliree  v 
lifiinu-.      Water  i-;  admitted  to  the  center  cv 
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power-water  was  measured  Iiy  means  of  two  Kent's 
ire  water-metera,  one  on  the  lifting  and  the  other  on 
ing  motion,  and  the  crane  was  worked  at  ita  ordinary 
ecisely  the  same  evolutious  were  carried  out  as  in  the 
>  electric  crane,  and  the  total  gallons  of  pressure  water 
2,391,  equivalent  to  a  cost  of  10.25d.  per  1,000  foot- 
,  or  equivalent  to  687,412  foot-pounds  of  energy  per 
•  the  total  work, 

ither  test  was  made  on  a  Sunday  with  six  hydraulic 
inged  to  be  as  near  as  possible  on  one  quay,  and  water 
■e  attached  to  cacli  erane.  Wagons  of  rails  were  brought 
1  the  cranes  and  worked  as  if  they  had  been  ordinary 
a  ship.  Thoy  were  lifted  to  a  height  of  20  feet,  slued 
,  lowered  down  to  empty  wagons,  the  light  chain  lifted 
if  20  feet,  revolved  through  half  circle,  and  lowered 
1.  Six  hundred  tons  were  dealt  with  aa  constant  loads, 
ns  as  variable  loads,  and  the  tabulated  statement  shows 

hamHing  the  same.  The  cost  of  power  per  1,000  fool- 
rk  was  Is.  Gd.,  the  time  occupied  seven  houra,  BB  aliowil 
of  hydraulic  costs. 

same  work  was  dime  on  the  following  Sunday  by  the 
anes,  and  the  cost  per  1,000  foot-tona  was  1«,  2.28<j., 
lie  occupied  5|  liours.     (Kee  Table  2.) 

t<)tal  saving  effoeted  by  the  electric  cranes,  including 
and  laborers,  was  ^Ti  jier  cent,,  hut  the  load  factor  for 
:•  was  .iidy  T.;(  per  cnit.  as  against  the  hydraulic  14.4 
so  that,  if  moil'  cnnies  lijid  been  working  and  a  better 

at  the  power  slntiou,  l>etter  results  would  have  been 
ir  the  chrtrie  i-niTies.  The  total  estimated  gain  would 
50  per  cent. 

diagrams,  Kigs.  471  and  472,  >lui\v  the  fluctuations  of 

xtuiis. — The  elcetrie  ciiiistuns,  Fig.  4(18,  are  24  brukc 
■r  at  l,()(l()  revojuliiiris  per  iiiiniile,  and  Mr«  cupabli!  of 
steady  pull  of  1  ton  at  a  speed  of  ItH)  feet  per  minute, 
ng  a  load  of  100  tou:^  idimg  a  l<'vel  ruad.    The  capstao*  1 
iven  by  a  i-nsl-iroii  ?^|iiir-\vlieel,  wbieli  is  engaged  with! 
ion.     The  latter  is  keyed  on  the  same  shaft  as  a  bratt  j 
A.    The  driving  worm  is  cut  fn.tm  a  blank  forged  solid  f 
laft,  and  is  coupled  direct  to  the  motor  spindle.     Tht'l 
wheel  wurk  in  an  oil  bath.     The  motor  runs  at  1,000J 
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Tttions  per  minute,  and  is  completely  fnclosod.  In  conatTUC- 
and  design  it  is  similar  to  the  crane  motors,  but  ia  shuut- 
kd  to  avoid  large  variations  in  apeed  of  the  capstan  head. 
1  the  motor  shaft  there  is  fixed  an  niitomnlie  mechaniral  brake, 
principle  of  which  provides  that  when  the  capstan-head  ia 
3n  by  the  motor  the  brake  releases  itfwif  automatically,  but 
Id  the  capstan  tend  to  run  back  through  being  overhauled 
he  weight,  the  brake  at  once  locks  itself  ami  sustains  the  load. 
1  a  brake  is  absolntely  necessary  upon  an  electric  capatan,  as 
latter  differs  from  a  hydraulic  capstan  in  one  iuiporUnt  n- 
t,  namely,  that  in  the  hydraulic  capstim  tlie  water  in  the 
ndcrs  holds  tlm  load,  whereas  in  the  ek'ctric  capstan  there  ia 
ling  to  sustain  the  load  upon  the  current  lieing  cut  off,  and  if 
load  is  allowed  to  run  back  a  serious  aecident  may  ensue.  It 
so  cssrnliul  that  the  hnikr  should  be  aulomatii-  so  as  to  I'laiui 
t  of  tJie  driver's  attention  from  his  work. 
-.  The  electrical  switch  gear  presents  many  )>ointfl  of  interest. 
insists  of  a  controller  with  magnetic  blow-out,  and  with  over- 
reiease  gear.  Tlic  ctmtroller  is  worked  by  a  pedal  prfijectiiig 
('  tJie  cajistaii  ease  hy  ;il)out  4  inches.  This  jiedal  is  removed 
1  the  capstan  is  out  of  use.  The  pedal  is  eonneoted  to  a  dash- 
wlLich  prevents  tlic  controller  being  operated  too  rapiilly 
1  a  driver  is  starting  the  capstan,  but,  at  the  same  time,  by 
IS  of  valves  in  tiie  plunger,  allows  the  controller  to  return 
ily  to  the  .iff  prwilion.  The  return  to  tin-  off  position  i*  cff«;t«l 
iioans  of  a  weight  which  is  lifted  as  tlic  jwilal  is  depressed. 
Iie  event  of  the  capstan  being  pulled  up  by  eudden  overload, 
release  gear  works  iustaiitancously  and  breaks  the  main  oir- 
I'jHiu  the  prcK..iurc  being  removed  fn.ni  the  ]K?(Ial,  the  ro- 
of tJio  controller  to  tlie  off  imsition  automatically  ruplaCM 
relea.se  switch,  and  the  capstan  is  ready  to  start  ugaio.  Tho 
:e  of  the  gear  is  contiined  in  a  water-tight  cast-iron  case  mak 
le  ground,  the  top  of  wliii'h  consists  of  chwkered  platea  fluvfa 
the  i[uay  niih'.     'I'hc  trials  of  these  capstans  are  sho\vn  in 

i.  Calks. — The  (Hstrihution  of  current  ia  effected  by  a  net- 
c  of  feeders  and  distribution  cables  laid  below  ground,  Theao 
r>s  are  fibre-insulalcd  and  lead-sheathcd;  they  arc  kid  in 
icn  troiifilis  on  tlie  s.ilid  svstcni,  and  are  at  a  depth  ivf  about 
et  from  the  surface.  Water-tight  junction  boxes  are  provided 
ic  junctions  of  the  feeders.     The  crane  connection  boxes  are 


|H>siii()]i.  1  IK*  iiexiine  crane  caDio  oiiiers  tuo 
tlirouirh  a  tniiii]>ot  moutli,  and  the  whole  app 
a=*  to  obstruct  the  quay  side  as  little  as  possibl 
two  boxes  in  all,  placed  20  yards  apart.  They 
test  ni  the  severest  weather,  and  have  given  nc 
of  cables  complete  is  only  about  50  per  cent. 
(Iraulic  mains  for  the  same  power. 

*U).  Li gh ting, — About  half  a  mile  from  t 
fciub-statioii,  fittc^l  \vitli  switchboard  for  the  lig 
down,  riiere  is  only  on(^  cable  for  supplying 
the  electric  machinery  and  the  lighting  of  tin 
station. 

o7.  Sinnnnirj/. — The   Traffic   Department 
the  electric  cranes  to  be  a  great  advantage. 
time   recpiircd  for  oiling,   as  the  crane   has 
Jill    II mill    bearings,    and    the    wheels    run    i 
only  re(|nir(»  attention  about  once  a  month.     "! 
ally  ])rolongs  the  life  of  the  wheels  and  deade 
is  a  great  a<lvantage  to  the  drivers  in  hearing 
(•(Hit rol lino-  of  the  crane  bv  <me  handle  is  als< 
]>oth  over  the  steam  and  the  hydraulic  crane 
crams  the  driver  had  to  attend  to  four  leve 
in  jnl<liti<ni  to  the  feed-pump  and  the  firing  oi 
case  of  the  hydraulic  crane  two  levers  are  ii 
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^vras  lifted  30  feet,  slued  through  106.5  feet,  lowered  30  feet> 

;  hook  lifted  30  feet,  slued  106.5  feet,  and  light  hook  lowered 

eet    The  total  time  for  these  operations  Waa  1  min.  44  sees., 

t  the  rate  of  34  cycles  per  hour. 

i.  The  hydraulic  cranes,  under  precisely  the  same  conditioBSy 

ipied  1  min.  40  sees,  per  cycle,  or  equivalent  to  36  cycles  per 

r. 

O.  The  electric  cranes  did  the  same  work  in  64  sees,  per  cycle, 

►6  cycles  per  hour,  and  this  is  capfcble  of  being  increased  be- 

d  even  this  point  with  a  good  driver.     Therefore,  in  ordinary 

Idng,  the  electric  cranes  are  doing  50  per  cent,  more  work 

hour  than  the  hydraulic  or  steam  cranes.     On  actual  test  it 

found  that  the  electric  cranes  can  be  released  from  the  rails, 
7eled  30  fe*et,  and  refixed  to  rail  in  3  minutes, 
rl.  When  it  has  been  necessary  to  move  the  hydraulic  cranes 
iVLit  the  working  into  the  various  ships'  holds,  six  men  have  had 
>e  called  one  hour  earlier  in  the  morning  to  set  the  four  cranes 
ich  are  required  for  each  vessel.  With  the  electric  cranes  the 
n  have  not  to  be  called  earlier,  as  two  men  in  summer  and  four 
winter  can  disconnect  and  connect  up  four  cranes  in  15  minutes. 
winter,  on  frosty  niglits,  four  men  have  been  employed  6  hours 
h  for  tlie  pur})oso  of  keeping  fires  to  prevent  water  in  the 
inders  of  the  hydraulic  cranes  from  freezing;  on  the  other  hand, 

electric  cranes  luivo  had  no  need  of  this.  When  a  steam  crane 
I  to  bo  got  ready  for  work,  the  driver  had  to  commence  one 
ir  earlier  in  order  to  obtain  steam,  whereas  the  hydraulic  and 
3tric  cranes  are  ready  for  work  at  any  moment.    In  1903,  when 

steam  cranes  were  superseded  by  the  electric  cranes,  the  quan- 
'  of  traffic  dealt  witli  at  this  dock  was : 

Tout. 

Coal  and  coke  exported 269,7i6 

Merchandise  exported 297,804 

Merchandise  imported 88,606 

Total W0,746 

t2.  To  do  this  work,  tlie  quantity  of  coal  1 
ver  station,  wliich,  as  ])reviously  stated,  suj 
!  power,  lighting,  and  hydraulic  power       i      , 
wt.,  or  tlie  total  morcliandise  worked 
J  172.3  tons,  or  a  gain  of  47.2  per  cent. 
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TABLE   I. 
WoKK  Done  by  Hydraulic  Cranes,  Middlesborough  Dock,  Mat  21.  n 

Note.  Each  crane  lifted  each  and  every  load  90  feet,  elned  throa^^h  t  hnok  rrm'.i^] 
ftM't.  lowered  load  d)  feet,  lifted  lifjht  chain  20  feet,  sloed  back  throngh  a  hook  triTelaf  MSI 
and  low«>red  the  light  chain  20  feet,  thus  completing  each  cycle  of  evolution!*. 


1 

No.  of 

1 
1 

Wafer 

Wfc^T 

Tc; 
(ah 

No.  of  '    Capacity 
Crane,  i    of  (.'rune. 

liaib 
per 

!  No.  of 
'    Lifts. 

OrooH 

Weight  of  Railfi. 

Meter 

Headint; 

Metrf 
Ketdiee 

Lift. 

at  Start. 

AtFi&if&. 

■^ 

1 

T. 

f. 

?• 

iJMt.  ■ 

1      :J5r\vts.*i       5 

70 

100 

6 

0 

34.2S0 

S5.&0U 

1.1 

5  tons.           7 

50 

100 

11 

2 

12 

12.300 

15.2Hft 

U 

3 

10     ••               7 

50 

100 

16 

3 

24 

660 

,    3.610 

tl 

4 

'Mi  cwts.  *;       5 

70 

100 

0 

3 

16 

150 

'    2,170 

4; 

T) 

85     '•      *        5 

70 

100 

11 

2 

12  1 

110 

'    2.030 

li 

C 

5  tons. 

7 

50 

sno 

99 
602 

18 
5 

0 

19 

100 

i    3.240 

i 

First  Part }  r.,  .„, 
of'lVst  f  ^"^^^^ 

1 

27 

11 

1 

*  on<>  Urtiiii;  mm,  10]  inchci*  diumcti'r  x  IS  feet  3  inch  8tn>ke. 
Two  slirni>;  rams.  .*)>  iiu-hcM  diameter  x  8  ft>et  and  3  fcot  S  inch  strokor*. 
Pn'ssure  at  ( 'rant-  750  p(»iiiidt». 
Multlplyii»«r  power.  Mo  1. 
ll(.'ii;lit  and  radiutji  of  jib  similar  to  Ti  ton  hydraulic  crane. 

Power  Station  Records  and  Costs. 


No.  <if  liydraiilic 
Kntriiit"  ut  work. 


No.  ;j. 


Time  Startwl 
for  Tet- 1. 


7  A.M. 


Engine  Counter 
I  Heading  at  Start. 

i        . ._  „ 


4,818,441 


Time  Kinivhed 
for  TePt. 


2  P.M. 


Retdioe>:1 
otltti 


im 


WouK  DoNK  BY  Hydraulic  Cranes,  MiDnLEsBOROuon  Dock,  M.\t24 


..        .       Total  No.  of 
r."-  "'     Lifth  at  2  Kuili 


Cran«*. 


lur  Lift. 


1 

2J) 

0 

17 

:\    I 

17 

\ 

21) 

.) 

29 

<; 

17 

i:w 


Water  Meter 

>jro9 

B  Weight  of  Kaila. 

Reading  at 

Surt. 

T. 

r. 

f 

IAm. 

17 

1 

4 

85.900 

10 

0 

1 

12 

15,280 

10 

0 

1 

12 

3,610 

17 

1 

3 

4 

2,170 

17 

1 

8 

4 

2,080 

10 

0 

1 

12 

8,240 

Kl 

6 

1 

20 

Water  Meitr 

Reading  at 

Fiuith. 


36.600 
16.290 
4.680 
8.010 
2,780 
4.390 


Tou!l 


Second  Part  of 
Test. 


Total  No.  of  I  jfis.  4«i. 


I 


1N)WKR  Station  Rkcords  and  Costs — {Coudhunl^. 


Total  LN'Volu- 
liotii?  made.       1 


ll.nU 


Load  P'actor. 


Pt  r  r,  fit. 


Total  Gallons 
pumped. 


Total  (Gallon A 


nsIS'bv  Cwn»        ^^^^^ 
as  above.  '^y^^ 


14  4 


I 


59.002  I  84,070 

uli8j>iaceiiient)  '  (displacement) 
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TABLE  I.—Conlinutd. 

CitANEB,    MlDDLESBOBOUQII    DOCK,    MAI   34,  1fN}3. 


IHrtUft. 

Onus  Weight  of  ttallt. 

W.Wr  Meter 

W«lerMrl« 
Rudlne  «I 
FInii'G.  _ 

TMa)  GslloDi 

J7 
17 

2S 
17 

T.       /:       Q.     IM. 
84       3      3        8 
20       0      S      24 
90       U      2      34 
S4      3      3       S 
34       3      a       8 
SO      0     a     24 

38.600 

1B,2H0 

4,eao 

8,010 
3,780 
4.390 

37,310 
17,380 

r>,eoo 

3,830 
3,540 

B.B70 

710 
1,090 
970 
HIO 
7» 
1.180 

138 

163     IS      3      13 

B,580 

Kl>t 

A08       2      !l      13 

ToMl  Otllons  used,  19,500. 

PowKK  Station 

ItRCORDB   AND 

■08T8— (C<m/ioHfrf). 

llUOM 
Ugh 

TiijU  QMom 

Tnul  0>llon> 

CmI  bDrnl  doHng 
"^"nd.""" 

M  >nd  Clinker 

n  iirur  Teat  In 

|ionnd«. 

0 

3,100 

no.ono 

8.584 

830 

.  MiDni.eHn'iitiiiinii  Dotk.  Mav  34,  IMS. 


Wnirr  Mb  Mr 

ToulOjll-n. 

|wr  Llfl. 

IM 

r 

!9      , 

17 

III 

1       0 

Vi 

87.810 

17,380 

87.990 
18.410 

680 

i.oao 

17 

1        0 

15,600 

<(,660 

i.oM 

3U 

M 

.1     1 

l-J ' 

3,  Mao 

4.040 

ftJO 

an 

M 

1.; 

;!.540 

4,800 

890 

17 

311 

S4;j 

1        0 

1«    1 

4 

9,770 

188 

B.CIO 

I 


sroiiiM  AND 

o«T9— ((7«nHnu«D. 

vti  ioii,' 

ClMtof  WngM 

(wlorOIIStoraa 

d"rlngT«t, 

0      18     3 

0      8    1.Q 

o'    5   J 
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TABLE   I.  ^Continued. 
WOkk  Done  by  Hydraulic  Cranes,  MiDDLESBORoron  I>t)CK,  MiiiM 


Total  No. 

' 

Water 

mSIIJ       Total 

Gm* 

of  Lifts 

GroPH 

Weieht 

Meter 

Grops  Tot'il       Totil  No. 

at  S  Rails 

of  RailH. 

Reading 

Readins; 

\3a11u1iB 
used. 

Weight  of  Railsi.  ofii^)vc< 

jjcr  Lift. 

T.      C. 

Q.    IJpit. 

at  Start. 

at  Finish. 

wA. 

T.    r.  q.iM. 

■    ■    ■    • 

•    • 

•   •         •   • 

•    ■    •    • 

202  16  ;;  24      3.71'^ 

1    1 

40     1 

1     20 

18.410 

10,440 

1,030 

200  15  0  20      :.0!*' 

"1    ** 

1  4 

40     1 

1     20 

6,660 

7,330 

670 

201   0  2  4    ti.ero 

•      •      •      • 

1 

•    •          •    • 

•  ■        •  • 

•  •   •   ■ 

202  11  2  12      4.49'i 

•      •       •      - 

1    .  . 

•  •        •   • 

•   •   •  • 

203    2  1    8      4.2.5" 

17 

40     1 
1-20    4 

1     20 

6,770 

'7.976 

1,200 
2.900' 

1 

200    1  2  27      7.&:i' 

51 

1      4 

1.210    8  1  11     ftl.OTO 

Power  Station  Records  and  Costs — {Conrlndtih. 


'  Total  Station  Cost 
Total  Station     '  per  LOCK)  (lallons 
Cu'-t  (iiiriuK  Test,      pinupod  during 

I  Test. 


c 

s. 

ti. 

£ 

s. 

a. 

1 

4 

2.6 

0 

0 

4.92 

CapifAl  Charges 

auring  Tert 

(see  Statement 

below). 


£ 
1 


18 


10 


Capital  Charpp!*  TytaJ 

per  1.000  Gallons  .       uSi 

pumped  during  perl.Oft' 

Test.  i        pen 


€ 
0 


0 


f/. 
7.9 


0     1 


Work  done  by  Hydraulic  Cranes,  Middlesbobouoh  Duck,  Miy: 

capital  chargeb. 
Particvlars  of  Capital  Charges. 

VmIiio  of  liydraulic  plant,  j  ((7'  5  per  cent,  interest  per  annum )  ,  • 

I'  1 7. TST  19i<.  iOd ^  (jc  5  per  cent,  for  repairs  and  depreciation ^ 

V;ilm'  of  Imildiii^rs  (pro-  j  (il  5  per  cent,  interest  per  annum I_    ; 

]>()rtion\  1*5,707  0^.  Orf.  i  (a:  5  per  cent,  for  repairs  and  depreciation^ 

U:it(>;  jiinl  taxes  (projwrtion) 

£2. 

L'J  i:;i  :U.  4d.  -f-  365  dnys per  day   6 

LO  I  :U.  L\/.  -i-    24  hours per  hour 

I'O  rt.s.  i) .  5S(/.  y.      7  hours time  of  test   1 

L'l  1S.S.  KW.  -^    59.000  gallons per  1,000  gallons 


COST   TKR   1,000  FOOT-TONS. 

Coftt  ofPoin'rj}er  1,000  Foot-Tons  of  Wtyrk, 

'I'otal  ton<  (Unit  with 1.- 

Total  pilloiis  of  hydraulic  power  wator  used   34.'^ 

'Iota!  «rnlloiis  used  por  1,000  foot -tons  of  worl? l.-l 

'i'otal  co-t  for  j>o\ver  only  per  1,000  foot-tons  of  work £0 


BOKOrall  DOCK  KLECTRIC  AND  IIYDRACLIC  P( 

TABLE  11. 
lONB  BT  Electric  Craneo,  MiDDLBBnoRoraii  Dock,  Mat  81.  IMS, 
Firit  Part  of  Te^. 


No.  or  Lim  it 

Total 

TftUl 

BRila 

ffi 

Se' 

s- 

S;' 

Tom  WriKht 

Tom,     60 
80 
60 

I 

5 

B 
0 

40 
411 
40 

1-20 

s 
n 

6 
IB 

'b 

B 
G 

Is" 

70 
70 
70 
50 
SO 

so 

800 

,5.  ■*  %  fi 

102    0    0     13 
102    S    0    la 
101  18    8    20 

loi  13  8  ao 

101   IS    3    20 

1 
i 

k     ...     IM) 

1.1 

1.^ 

612    B    0    12 

7a 

8,;tll  I  10,45 

11,80  a,1io 


180,080 
180.158 


I  :i4      3      0      4 


1 

ToWl  Wi'lKhl 

.  !"■'  '-'"■ 

T 

:m 

45 

31) 

45 

T-, 

45 

25 

18 

17 

ft5 

16 

17 

25 

16    u 

— 

— - 

— ---- — 

141      214      0     I 


Hirie<l,AI-JIDn>-Ui 
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TABLE  U.—Confinued. 


Power  Station  Records  akd  Costs. 


Total  BohhI 

of  Trmit'  I'liirH 

used. 


Total  Board 


Total  Board 


Coal  Burnt 


180 
264 


of  Trade  Unit.  I  ^(JjJ^^VA^r!.''    Bo^iS'of  T^de  ^  -  -"'^  l  r^ 

used  by  T^mp<» .    "ftmn^  ^JT       t^J^  ZJak^  da""e  TrM  ^, 

in  Celljir  at     !       I-^nips  on         I  nitfl  need  by          ,    ,?  Trj 
Power  Stktfon. ; I-Jghtiujr  Circuit  Electric  Cranes. :       ^°  ^*"- 


3 
3 


{] 


'  as  per  Meter,   i 

I 1 

v 

I  nil  , 

'_84_| 
84 


75 
09 


12 
U 


174 


26 


Load  Factor,  7.3  per  cent.* 

♦  Thin  fi^nre  represents  the  Load  Factor  in  proportion  to  the  three  electric  eugxe 
mnximum  8p«*ed. 


Work  Done  by  Electric  Cr.\nes,  Middlbshorocoh  Dock,  Mai 
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*  The  (.-iirrriit  for  all  the*  8ix  cranes  was  measured  through  a  single  meter  at  lbe< 

cable. 

SrMM.MiY  OF  Second  Part  op  the  Test:    Electrical  cranes.     Total  nnmlx 
Total  \vei;;ht  lifted,  012  tons  9  cwt.  Vi  lbs.    Total  Board  of  Trade  onits  uswl.  99. 


Power  Station  Records  and  Costs. 


Avrrairo  Coal 

burnt  pt-r  linard 

of  Fraib'  I'uir 

in  Lb^^. 
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Ashes  and 

<  linkers  left  on 

C'onehi«ion  of 
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Co«t  of  ("oal 

at  ft*.  JW.  i)er  Ton 

during  Test. 
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s'et  Time  of  Test    '^' 
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>UOUGH  DOCK  ELECTinC  AND  IIYDItAULlC  POWEB  PLANT- 
TABLE   U.  —  Conlit»Kd. 
(B  BY  Electric  Cranks.  MiDDLEsnoROUaH  Dock,  Mat  81,  190S. 
Siimmarg  of  TeiU 


Ir' 

Total 

Renwcki. 

8          %          24' 
8           0           2-1 
8          0          24 
7           3           12 
7           3           13 

7       a       12 

•>      174 

Each  crane  lifted  oach  aod  ev^rr 
tnad  30  feet,  alned  ihrough   a  hook 
travel  of  108.5  feet,  lowemi  load  20 
feet,  lifted  light  chalij  20  feel,  slued 
back  through  a  book  tmvt'l  of  103. S 
feet,  and  lowered  the  light  chain  20 

8           0           24 

174 

Tnirtc  Cult. 

KK3. 

Capital  Chusn 

Board  o/ Trade 
Unll. 

TotklCoat 

0        0       O.NT 

1        5 

.is 

0        0       1.17 

0       0 

I  Dock,  Mav  81,  IMS. 


Paetii'iihirf  of  Capitnl  Cfiiirgea. 
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y      .laShniirs lime  sf  lest    I    0 

il.  -f  3114 (XT  Boanl  of  Trade  unit 

co-r  11  It   I.Uno  KtMiT-roNrt. 
(•t,»l:/  l'-r,r  /Hfi.DW  Fwt-Tontof  Work. 

IpftU  Willi 1 

i  of  Trade  units  use.i 

used  per  1.000  foi.i-toiis  of  work   7." 

)f  power  i>or  1,000  rHU.inii.-  of  iv.irk 
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DISCUSSIOX. 

Mr.  E.  B.  Islington* — Mr.  Raven's  paper  regardoJ  a>  a 
of  facts  is  a  most  useful  contribution  to  the  elucidation  uf 
ject  wliicli  has  roused  considerable  controversy,  ami  the  1 
tiou  is  greatly  indebted  to  him  for  it.  It  is  not,  howove 
to  obtxiiu  data  which  are  really  comparable,  and  Mr.  I 
iipires  and  conclusions  are  open  to  criticism  from  tliU 
j)()int. 

Ifc  states  in  his  opening  remarks  that  the  hydraulic  ai 
trical  a]>j)liances  at  the  Middlesborough  dock  "  are  worki 
by  side  and  are  all  thoroughly  up-to-date,  giving  an  v- 
opportunity  for  judging  the  value  of  one  against  tlu'  otbei 
as  economy  in  working  is  concerned."  But  this  statomi 
only  be  aj)j>lied  with  accuracy  to  the  generating  plant  a 
sibly  to  the  capstan.  With  regard  to  the  hydraulic  crai 
stiUcil  that  tliev  were  made  fifteen  vears  ago.  In  no  sf 
these  be  taken  to  be  cojiij)arable  with  the  very  pirfei-t 
cranes  receiitlv  erected. 

Fifteen  years  ago  com}>aratively  little  attentinn  was 
tli(^  economical  ])roduction  and  use  of  power  in  dnek 
liy<lranlic  system  had  ])roved  economical  as  a  wlndc,  l» 
was  little  competition.  I'he  eifect  has  been  that  a  vc 
numlx'r  of  hydraulic  a])pliances  installed  are  imecono 
comp;ire(l  with  what  it  is  possible  to  obtain  bv  the  svstcni 
<']eciiiciry  f(»r  these  purposes  became  available  an  cnti 
fen  lit  >et.  of  conditions  arose.  In  order  that  the  ehvtric 
slionid  liiive  a  continued  success  it  is  ess<»ntial  that  then 
.-liouM  he  c<m>tructe<l  in  all  its  details  in  the  most  perfcri 
>o  n>  to  iHMJMce  the  siM'ious  loss  of  (»ftieiencv  which  would 
occur,  and  also  to  scH'ure  that  perfection  of  control  and 
n-e  wliich  has  been  the*  sj)ecial  characteristic  of  hydrav 
Had  examples  of  hydraulic  cranes  are  extravag-ant  in  y 
frctpirntly  work  at  slow  speeds,  but  they  are  safe  and 
to  maintain.  A  badCxample  of  nn  (d(»ctric  crane  is  usol 
n«»t  iiMW  c<»ncerned  to  show  that  hydraulic  ])lant  is  Ik 
eirctrie  fnr  (lock  work.  Kach  has  its  special  a« 
jiikI  1  have  elsewhere  express(»d  my  conviction  that  ii 
e(piipp(M|  docks  of  the  future  both  systems  wil 
idace.  Local  (Conditions  vary  so  greatly  that  a  grcf 
variation    in    ])ractice    is    ])robably    desirable.       In    S' 

*  Momber  of  tlir  Instituii  n  of  Mechanical  EnginecTS. 
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wcrs  will  be  wanted;  in  others  tlie  bulant-c  of 
e  will  be  in  favor  of  hydraulic  and  in  others  electric, 
;  to  the  circumstances  which  may  make  the  special 
es  of  each  system  predominate.     As  to  the  generating 

Middloaborough,  from  the  particulnrs  of  tlie  trials  it 
:hat  the  mechanical  efficiency  of  both  is  practically  the 
t  the  electric  plant  takes  33  per  cent,  more  coal  per  unit 
'  produced.  There  is  no  record  of  the  results  of  working 
load  factors  than  100  per  cent.,  with  the  exception  of 
en  in  the  tables  which  show  about  the  same  difference 
lird  in  favor  of  hydraulics.  The  fip^ures  are,  however, 
lar  (17.3  pounds  to  8.4  pounds  coal  burnt  per  unit)  that 
of  little  value  on  this  point.  It  is  quite  certain  that  at 
factors  there  is  a  considerable  advantage  in  economy  of 
lumption  in  the  liydraulic  system,  owing  to  the  nearly 
load  nu  the  enirine  and  the  variable  speed,  as  compared 

variable  load  and  constant  speed  of  the  electric  plant. 
Mr.  liavcn's  tigiires  indicate  this  as  the  1,H44  pillone 
per  hundredweiffht  of  coal  form  a  larger  perociituge 
na.\imum  of  5,01)0  than  the  corresponding  figure  of 
ds  of  coal  per  unit  is  to  the  equivalent  of  -2X3 
)i   water   per   ch'etrical    horfte-])ower.      But   the    figure 

a  very  pour  result,  only  about  36  per  cent,  of  the 
1,  Even  under  very  favorable  conditions  of  load  fac- 
;nkitig  long  periods  of  work,  it  should  not  bo  less  than 
■nt.  1  have  olitained  about  70  per  cent,  from  one  year's 
le  other  with  worse  load  fuetors.  A  few  lioure  test  on 
lint  cannot  in  my  judguicnt  give  reliable  results,  becanae 
ipossibiHiy  of  olitiiiiiLug  <'(irrect  data  in  the  time.  Mr. 
rigures  are  also  iiifliiciiee<l  to  ii  very  great  extent  by  the 

till'  liydraulic  work  done  was  spread  over  seven  hours, 
electric  over  Hvc  and  a  <[uarter  hours.  lie,  of  courso, 
liow  this  eamo  about,  but  the  explanation  only  shows  how 
to-date  the  liycirjiulic  ei'aiie  equipment  of  llie  dock  U, 
■n  uses  the  term  loiid  fiird.r  in  a  sense  which  deprives  it 
>f  its  value.  The  proimrtion  of  the  actual  output  to  ti» 
af  the  plant  installed  tells  you  nothing  but  (ho  size  of  the 
Station,  As  the  total  clecti'ieal  power  installation  is  twice 
>f  the  hydraulif,  the  liydniulic  load  factor,  as  Mr.  Raven 
I  it,  is  necessarily  twice  the  electric  under  nil  conditiona  of 
al  output  in  a  givcii  time.   It  would  be  ahsurd  to  say  that 
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the  results  of  the  trials  given  on  pages  945  and  94C  wen-  -i' 

witli  a  load  factor  of  33  per  cent.,  yet  that  is  so  in  tkst 

which   !Mr.  Haven  uses  the  term.     The  load  factor  a* ; 

understood  is  the  relation  between  the  actual  avcrairc  <'iitiu 

inir  the  time  to  the  maximum  output  at  any  instant  diiri: 

time,     if  the  C/cntral  Station  is  well  diWded  into  uiiitMLi 

ii]>])r(>xiinate  to  the  ratio  of  the  average  output  to  the  ma: 

ontpur   of  the  units  in  use.     Mr.  Raven  seem  to  think  i 

the    cxpcrinuMits    had    been    made    with    a    laria*r  uuiul 

cranes  and  better  load  factors  the  saving  due  to  the  u-ki  o 

tricity  would  have  been  doubled,  /.c,  from  25  to  50  pei 

Of  tliis  there  is  no  proof.    The  load  factor  on  ilr.  Raven'? 

tioii  «lepen<ls  entirely  on  the  average  total  output  periinitu 

'I'll is  would  increase  in  dirc»ct  proportion  to  the  number  nf 

;ir  work,  and  the  ratio  of  the  hvdraulic  and  elect rie  loa-l 

would  remain  constant.     I  assume,  of  course,  that  the  niiii 

cranes  in  u>c.  under  test  of  each  system  are  ecpial.    lt\  b 

the  station  ])lant  actually  running,  or  the  maxinuun deiiiam: 

cniiines  actually  running  is  taken  as  the  basis  of  tlit*  W 

tlicii  within  certain  limits  the  greater  the  munber  of  era 

lireater  will  be  the  discrepancy  between  the  respective  loa«l 

'rini<,   sn])]>ose   the   number  of  cranes  in   use  is  double* 

inuNinniiM  electric  output  for  the  number  recorded  on 

gr:nn    is   nearly  350  amperes.       As  there  are  no  amu 

tin*   maxiniuni   for   twice   the   mmiber   would  be,  at  h 

anipere>,   the  ])ower  (►f  one  station  unit.     The  total  oiv 

hour  mnsl  he  doubled;  therefore,  the  load  factor  i?  inen 

350x2 
not   iipM-e  than     - .  j— —  or  7  to  5J,  or  sav  at  most  50] 

i).)0  **' 

Now  in  the  case  of  hydraulics  the  ratio  is  quite  differei 

niiixinniiu  within  the  limits  of  a  single  pumping  unit  i? 

whiiicver  the  total  output.     The  engines  will  work  at  f 

for  a  few  minutes  in  the  hour  or  for  many  minutes  apprc 

in  pro|)nrti(»n  to  the  total  output.    If  the  number  of  crai 

i-^  «l<»ul>led,  the  total  outjnit  is  doubled  also,  and  the  i 

beinii'  the  sanu^  the  load  factor  is  increased  in  the  ratio 

one  «n-  100  per  cent.    AVhen  the  total  output  becomes  so 

sev(MMl  j>uniping  engines  or  dynamos  are  required,  botl 

settle  down  to  a  characteristic  load  factor  for  each.    1 

p(»int  our  that  the  load  factors  of  the  two  diagrams  (Fifi: 

JTlM  iiic  alm(»st  c(]ual,  but  as  one  is  for  4^  minutes  and 
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iioiirs,  and  as  the  electrical  diagram  porlinps  inchidea  the 
it  lighting  load,  the.v  are  hardly  comparable.  Am  I  right 
iiiing  that  the  arc  lamp  lighting  load  (page  966)  was  con- 
hiring  the  three  hours'^  The  electricjil  iigures  of  power 
tnnot  be  correct  for  the  current  used  fur  the  cranes.  For 
nes  alone  the  cost  worka  out  at  morr  than  three  pence  per 
L  mere  increase  in  output  does  not  in  ii-ielf  iniprove  the  load 
in  the  general  current  sense  of  the  term.  In  Ivondon  tlm 
L  hydraulic  power  supply  load  factor  has  remained  prac- 
constant  at  33  per  cent,  for  the  past  15  years,  though  the 

is  now  more  tlian  900  (nine  hundred)  million  gallons  per 
,  and  has  multiplied  7  times  in  the  iutcrval.     The  area  of 

has  increased  about  throe  times. 

Itaven  has  failed  to  realize  that  Ihc  load  factor  of  a 
die  central  station  plant  engaged  in  supplying  intcrmlttODt 
ds,  must  always  be  higher  than  that  ni  an  electric  stntiou 
the  same  work,  owing  to  the  influnn-c  of  the  hydraulic 
ulator.  There  is  a  further  point  which  atTecls  the  results 
ich  I  hope  ilr,  IJaven  will  give  some  iidditi'inai  infonaa- 
Therc  has  been  iusliilled  at  Middlesbr.rough  about  1,000 
2  horse-power  and  about  r>00  hydraulic  horse-power.  Tho 
•oiler  plant  is  thus,  say,  l,r)00  horse-jtower.     On  what  haaia 

Uiadf  (he  ap])i>rti(unuent  of  the  total  cost  of  the  station? 
cli  depends  on  tliut  and  on  the  apporlioiinicDl  of  the  total 
ig  cost.  Does  he  take  into  account  the  ciist  of  the  crauou! 
.■er,    Air.    llavfuV    relative    figures    arc    2\\    \K'r  unit    end 

1,000  gallons,  and  indicate  that  tlic  cost  of  tlio  hyiiraulio 
■  delivered  iiii.i  ilic  rniiiiis  is  less  lliaii  the  electric.  Under 
circum stances  ime  wiodd  exjicct  to  lind  that  when  the 
die  power  in  apidic'l  to  lifting  ii|H-ratiotiH  thi.i  initial 
ago  would  lie  more  than  maintained.  Bnt„  Mr.  Raven 
■rs  from  the  results  of  his  experiments  that  this  Initial 
age  of  the  hvilraiilic  system  not  only  disap[K.'Hr$,  hut  is  con- 

into  a  disadvantage  of  at  least  2;'i  per  cent.  The  figures 
arc  ni>t  suflicieiitly  coriipletc  to  be  able  to  iitate  pOMtiTel,y 
ticiences    of    the    machines    tested,    but    from    the    stated 

of  the  motors  in  the  ease  of  the  ;S-ton  electric  crsnefl, 
Id  seem  that  the  clectrii-  eran<'s  have  nn  estimated  effieieney 
ut  60  per  cent,  at  full  load,  while  the  trial  efficiency  at  full 
J, 74  units  per  l.OUO-fciot  ttJiis)  was  only  about  2S  per  cunt. 
■ton  hydraulic  crane  bad  an  estimated  cllicreucy  of  only  58 
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]K*r  oont.,  and  tliore  are  no  figures  available  a?  to  actual 
obtained  witli  full  load.  As  the  efBcienev  of  hv<lraiilic  ma 
i.e.  \\w  ratio  of  useful  work  done  at  full  load  to  powiTexj 
only  falls  below  70  per  cent,  in  ill-designed  crane?  nf  tliecla: 
with  in  tlu^  paper,  it  is  difficult  at  first  to  see  exactly  th^- 
for  the  results  which  ^Ir.  Kaven  has  experienced.  Bur  ii 
1,  it  is  n^-orded  that  100  tons  was  dealt  with  bv  om* " 
cranes  (Xo.  r>),  with  an  expenditure  of  3,140  gallons  uf 
A  siiiiilar  crane  (No.  2)  does  the  same  work  with  2,!»iUi 
The  same  work  is  done  bv  a  35  hundredweight  crauc  (X't. 
an  expenditure  of  only  1,020,  and  another  35  luindml 
f-rane  (Xo.  4)  tak(s  2,020  gallons.  Such  variable  re?ulb 
very  weak  basis  to  work  uj)on.  I  have  known  meters  tube 
l)nt  it  looks  here  as  if  the  cranes  were  at  fault,  iluri' 
r)-ron  single  power  crane,  lifting  loads  of  two  tons  cauu- 
well  in  su(*h  a  calculation.  It  is  quite  evident  that  if  red 
(•i(Mit  ei'anes  suitable^  for  the  work  had  l)een  use<l,  tli 
re(M»r(le<|,  in  '{'able  1,  vt  scff.,  could  have  been  done  with  1 
(M)]i>iiniption.  it  is  curious  to  note  however  that  on  the  l)a>i 
(•ulati<»n<  adoptetl,  the  only  effect  on  the  })Ower  statiim c«»?i 
hav<'  been  a  very  unimportant  difference  in  the  cost  nf ' 
would  have  been  int(M*esting  to  have  had  the  same  Ji*i: 
the  |>o\ver  used  in  th(^  elwtric  cranes  (Table  2),  but  the  t 
>uin])tion  alone  is  given,  it  has,  I  think,  been  well  c? 
by  ]>a.>t  expericMiee  that  there  is  only  a  <unall  annual  ^av] 
eHVeted  by  small  economies  due  to  using  ])lant  of  variab 
unlrss  it  i^  aecompaniiMl  by  a  diminution  of  niaxinmni  dci 
(limiuislied  station  plant. 

Pi'obnbly  the  most  im])ortant  point  to  determine  in 
form  a  enrrcM't  opinion  as  ti)  the  relative  cconomv  of  hv<l 
elect rie  iUn-k  j)lant,  i>  the  relative  pow-er  required  at  i 
si:iti(»n.  When  ouee  that  has  been  instalkMl,  the  cot^t 
a.ill'Mis,  or  tlu'  cost  per  unit  will  rise  and  fall  with 
..111 pill  over  a  given  time,  but  tlie  total  cost  \v 
<il»i'i'«».\imately  (Mjual  v/hatever  the  output,  within  the  li 
niiiiimiim  and  maximum  demand  in  the  same  time.  Tl^ 
ndvnntage  wliieli  ^fr.  Raven's  figures  show  for  the  elet 
Would  di<appe:ir  if  hydraulic  cranes  had  been  tested 
of  the  same  maximum  power  as  the  electric,  and  if  tlv 
eon-trueted  to  do  the  work  in  the  same  time  witl 
ettieiency.     Sper^I  of  working  is  only  a  question  of  n 
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probably  hydraulic  cranes  and  lifts  can  be  worked  at 
•T  speed  than  electric  without  sacrificing  safety.     In  the 

the  M id diesbfi rough  docks  the  best  possible  use  appears 

been  made  of  the  eleetrio  energy  transmitted,  while  the 

nnot  bp  said  of  the  hydraulic  energy,  and  in  my  judgment 
elusions  of  B.  general  character  can  with  any  advantage 
m  frnra  them  as  to  the  relative  economy  in  the  iiae  of  the 
items. 

lohn  Barr* — Referring  to  page  951  of  the  paper,  I  might 
ether  when  lifting  the  empty  hook  with  the  heavy  power 
on   hydraulic   crane,   the   whole   three   rams   were  usedt 
lien  the  efficiency  woulil  naturally  be  small  in  such  ease, 
rrinp  to  the  same  crano  at  foot  of  same  page,  the  sluing 

by  genrins;  driven  by  a  .^uiall  ordinary  4  cylinder  eapatan 
Had  the  sluing  been  done  by  sluing  cylinders,  the  re- 
iild  ]hnil)iih!y  liiive  been  niueli  njore  economical. 
It  I  ask  whetlier  in  iiiHkiiig  up  the  Capital  Charges,  page 
e  sunn  taken  iui-lnih'  ihe  whidc  plant  In  inchtding  vahio  of 
fies  and  eiipslans  iIli'im^cIvcs,  or  if  the  anma  include  only  thu 

generating  ]>lnnt  in  bolii  i-ases. 

ouM  add  to  the  value  of  the  paper  if  t^o  approxirasto 

stfl  were  ^ven  for  liydraulie  and  electric!  cranes  of  the 

iiwer;  also  of  enpstans. 

p  is  tlie  vital  iiuention  of  mninlenanee  of  cranes  and  cap- 

Prewunialily  fhe  ch'ctric  ernnes  have  been  in  use  for  a 
■w  yeiirs.  wliiln  (he  liydraulie  have  been  fifteen  yenrs  In 
i|  <'viilc[iUy  ill  firrtt-chiwfi  i-iindition  even  now.  It  may  be 
II  ti>  give  datii,  lint  it  would  be  interesting  to  know  relative 
'  itiiiiiil<<nauci'. 

■  liyilraiilii'  mp-tan^i  are  id"  llie  twin-turn -over  type,  they  are 
sily  gol  at  for  ii'[>airK.  The  eleelric  capFitans  do  not  appear 
f  rtie  turn-over  type,  and  may  be  nither  awkward  in  case  of 
There  w  nn  reason,  howevrr  wliy  they  should  not  be 
p. 

liHving  JMid  nil  "|i["irtiinily  nf  sei-inj^  the  electric  cranen 
fd  III  work,  llii-  iiiMller  of  geni'ml  miioothneti?  «Tid  freedom 
ihrHlioii  unci  noix'  eiiiiiiot  wi'll  In-  jfauged  from  deseriptioii 
n  the  paper;  hul  il  would  lie  interesting  to  know  how  the 
of  the  two  types  of  cranes  eniupare  generally,  and,  if  the 

•Mfmb(-ri>f  llii'  InxtltiLtioo  (<f  M cH] a ntcil  Engineers. 
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clcvtric  oranos  i>ivo  the  same  smooth,  quiet,  unobtnisive 
hvdnnilir  is  so  well  known  to  do. 

At  the  iniddlo  of  j)a,i;;('  J^Ol  we  are  told  it  takes  six  men 
tlic  hydraulic  (*ranes  into  position  for  work  in  the  moriiin, 
ought  tliis  to  he^  In  other  words,  why  furnish  the  elci'Tri 
with  ])owor  motors  for  travelling  pnrjmses  at  lavish  o 
<h'iiy  the  same  ])rivilep:(»  to  hydraidie?  Hydraulic  crain': 
and  are  moved  ah)ng  (juite  readily  hy  a  hydraulic  ciiii 
g-earinir. 

So  far  as  the  tests  under  varying  loads  are  conceme«l, ; 
l^arison  wouhl  seem  to  be  a  very  fair  one.  Indeed  an  an 
the  tests  shows,  1  think,  that  the  average  of  the  te^t?  give 
cent,  of  full  load  for  (deetrie  cranes,  and  about  58  pen 
hydraulie  erancs,  Avhieh  is,  of  course,  in  favor  of  electr 
eomjKirison.  It  is  w(dl  known  that  the  jn'incipal  aJva 
(drctric  j>ower  is  found  with  light  loads,  the  power  ;: 
being  a]>proximately  in  proportion  to  the  load  heinj?  lif 
the  other  hand,  the  electric  plant  at  generatinfr  stat 
necessarily  have  large  margin  to  meet  sudden  demanJ 
couse(ju<'nce  a  smaller  load  factor,  this  is  a  matter  of  /Kfi 
H()f  a  set-off  to  the  advantage*  of  electric  power  as  hir 
the  ])a]>er.  On  the  other  hand,  the  hydraulic  pumpinc:  p 
at  work  is  working  against  full  load,  pumping  into  the 
tor,  even  although  the  ])umps  may  be  working  only  a  sini 
tinn  of  their  time.  It  f<dlows  in  consequence  that  anelK* 
station  must  have  a  much  larger  reserve  of  power  tl 
case  of  liydraulic,  as  the  hydraulic  accumulator  acts  a? 
into  which  the  (Migine  can  be  pumping,  while,  for  the  1 
no  water  may  be  in  course  of  being  drawn  oflF  for  crane 

'I'lie  author  of  the  paper  having  made  the  study 
j)ower  as  a]»])lie<l  to  dock  appliances  his  own,  he  may  b 
for  being  ])erha])s  a  little  prejudiced  in  favor  of  ekv 
rijjs  preference  apjx^ars  in  various  parts  of  the  paper, 
!'«».. t  of  ])age  J>r)r»,  where,  after  demonstrating — to  hi^ 
t'aeiion  at  least — that  the  total  saving  eflFected  bv  1 
erniH's  \v;j^  !>;,  jx^i-  cent.,  goes  on  to  "  estimate,''  in  hiri 
I'ul  way.  *'  that  the  total  gain  would  have  been  50  pi 
certain  conditions  had  been  complietl  with.  But  the 
the  (juration  of  maintenance^^ — neglected  in  the  paper,  i 
all  the  ditl'erence.  Then  again,  why  should  the  authi 
.";  go  out   of  his  way  to  point  out  the  immense  ad 
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wer  when  running  a  capstan  light.  He  might  with 
■e  have  put  it  the  otlier  way  obout  and  quoted  #!« 
Btance  of  the  greater  efficiency  of  hydraulic  power 
[)stan  heavily  loaded. 

ro  is  a  great  field  for  electric  power  in  dock  work, 
II  eniintries  where  frost  prevails,  no  one  will  dispute, 
of  power,  hydraulic  and  electric,  have  their  own 
1.  Many,  however,  will  still  be  unconvinced — the 
[ho  paper  notwithstancIiiiR — ihat  taken   on   all  foiira 

gain  in  economy  to  be  found  by  using  electric  id  pref- 
ydraulic  power. 

■ough,  painstaking  and  careful  manner  in  which  the 
th  electric  and  h\-draulic  power  for  dock  work  have  been 
the  meeting  in  this  excellent  paper,  which  must  prove 
extent  a  standard  for  future  reference,  warrants  our 
>precifllion  and  host  thanks. 

ril  S'lijoti  *  siiid  it  scemod  to  him  that  the  critics  hftd 
iglieh  view  of  the  question,  and  not  an  American  view. 
i  question  merely  of  the  saving  between  electric  power 
lie  pipwer.  ll  wart  the  saxing  by  the  dock  authorities 
riiilwiiy  iiiitlmritii-.s  and  by  the  ship  owners.  Too  iniich 
iiilc  nl'  Mil'  iicwucss  of  the  electric  plant  in  compariRon 
I'tiiilii'  |iluiil,  which  wart  old  and  not  up  to  date,  but 
■tani  fciifnrM  nf  saving  had  accrued. 
'Imii  Fi'nitiniiii.*  "f  Wellington,  New  Zi^aland,  wrote 
I  mid  till'  [iiipiT  with  much  interest.  Tlio  following 
icd  to  liirii  to  wlnnv  that  the  hydraulic  tests  were  not 
hey  oufilil  to  huvc  been.  Out  of  ,''i!t,000  gallons  pumped 

were  usicil  fur  crinica,  and  14.100  gallons  for  capatknB, 
per  cent,  nf  the  power  generated  was  wasted;  8,700 
ig  to  wiisic  tliniugh  dniins,  auii  2,100  through  mo- 
Ive.  This  wouhl  sceiii  to  point  out  either  that  the 
or  was  excessive  for  the  load  and  that  to  keep  the 
v'ing  it  was  ueces.^ary  to  run  to  waate  through  engine 
'fi  and  aecniiMihif'ir  momentum  valves,  or  that  the 
re  niH  ill  nn  eflicicjil  state  of  repair.  In  cither  case 
v(nild  ]irnhiihly  niean  an  enhanced  cost  per  1,000  gut- 
raiilic  wiittT  ulili^^cd.  He  noticed  that  cost  of  repaim 
iflTicc  was  set  ilown  til  Ti  per  cent,  for  both  eleotrio  and 
iistallatiou*.  Tf  the  cost  of  electric  plant  repairs  and 
'  Memli^r  of  Ilif  Inctltiiiinn  of  Mecbulcal  BugtOMni, 


1)7<S      MIDDLKSnonOrCill  dock  KLECTHIC  and  HYDR.vrLICPOWEE 

inaintoTianco  wore  raised  Ly  IJ  per  eent.  to  say  fij  peree 
rjipital  cliar^os  would  (X]iial  that  set  down  for  the  hvdrauli 
notwithstanding  that  a  larger  item  for  bnildinfr  was 
apiinst  hydraulic  (probably  correctly  so  as  the  ami 
lious(i  would  be  additioiuil  to  the  ordinary  enjrinc  an< 
lionsc  buildings).  Xo  doubt  (deetric  plant  would  cost  nK 
<»'f  jx-r  cent,  to  maintain  as  compared  with  T)  ])er  cent.  fnrb\ 
'I'liouali  <lrawin<is  were  given  of  the  5  an<l  1 0-ton  hvJraiili 
no  ])arricuhirs  were  given  of  the  35-hun<lredweifrlit  cram 
iniplicalion  was  that  they  were  similar  to  the  5  and  HVtoi 
that  is  of  the  Tannett  Walker  type,  with  large  roller  pa 
lia<l  always  understood  that  this  type  gave  difficulty  in 
tion  with  the  slewing  gear.  Whether  this  was  so  or  not 
case  tlu^  three  .*>r)-hund  red  weight  cranes  did  not  si^in  to  k 
in  (Mjiially  good  conditi(ni  of  service.  The  f<dlowinfij  al» 
tli(^  vohiine  of  water  u<e(l  doing  etpial  work  is  taken  1 
])a|»f  r: 

Crane  No.  1.  NV 

( JuHons.  pap*  902 1,620       2.0 

"      mvi 7(K)         8 

*'      1K)3 710         s 

"      !)0;j 680         i 

3,710       Z 

Tliat.  similar  cranes  doing  identical  work  vary  in  C(» 
from  ;>,710  to  4,4JM)  gallons  or  ov(»r  20  per  cent,  was  in 
and  this  matter  should  b(»  (d(»ared  up.  AVhilsT  in  t' 
ic-t-  live  sets  of  exj>eriments  were  tried  with  o-ton  cran 
witli  a  U)-ton  crane,  in  the  hydraulic  testa  two  out  of  tli 
were  tiie(l  with  a  r>-t(>n  crane,  whose  trial  load  in  the  ti 
only  lu  per  eent.  an<l  in  the  second  trials  averaged  f 
<M'iii.  of  the  nominal  power  of  the  crane.  Taking  the  ! 
wciLiht  crane  tests  alone,  which  had  a  reasonable  factor 
t.»  tntal  eajKieiry,  the  volume  of  water  used  would  Ik*  n 
l,ln7  iiallons  to  1,02l>  galhms  per  1,000-foot  tons,  \ 
hriiiL!-  the  eo^t  down  from  Is.  Od.  to  Is.  Id.  per  1,0< 
;in<l  till-  n(»t withstanding  the  great  (liscropancv  in  tli 
water  n<e<j  by  the  three  cranes  under  trial  an<l  con-i 
I  hr'»\vn  on  the  rcv^nlts. 

Mr.  Unrrii/' — .Mr.  Ellington  sooms  to  raise  obje< 
paiini:-  hydranlie  cranes  which  were  put  down  15  v- 

*  Author  8  closure  under  the  Rules. 
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Tanes  of  modern  construction;  the  whole  of  these  crancti, 
ic,  arc  of  exactly  suiiilar  design  to  those  Wing  erectt'd  at 
int  date;  the  remaininfi  one,  is  of  10  tons  capacity,  and  ia 

an  up-to-date  crane  so  far  as  lifting  power  is  concerned; 
iree  powers,  fitted  with  three  cylinders.  The  revolving 
3  obtained  by  a  rotary  engine  for  the  reason  that  the 
partinent  require  the  crane  to  rev<]lve  right  around  when 
!  without  returning  over  the  same  ground.  All  these 
ere  in  perfectly  good  repair. 

3  agree  with  ^fr.  Ellington  that  there  are  nsea  to  which 
<9  of  machinery  is  specially  adapted  iu  dock  work;  all 

cranes,  elevatorSj  etc.,  for  constmit  work  should,  in 
on,  he  electric,  hut  for  underground  machinery,  such  as 

capwtan>i,  etc.,  where  there  is  (lamp  to  contend  with, 
?  machinery  may  possibly  have  an  advantage.  In  having 
lachinery,  the  same  power  station  can  supply  light  for  the 
ations,  oifiers,  etc.,  and  this  has  uiaiiy  advantages. 
llington  takes  exception  to  the  load  factor  of  the  engines 
rking,  hut  it  is  simply  shown  as  tin-  work  done  by  each 
I  proportion  to  the  maximum  capacity  of  each  installation. 
criticises  llie  remarks  made,  that  if  a  letter  load  factor 
1  oblaiuetl  for  the  electric  engines  the  saving  due  to 
y  would  have  been  doubled. 

observations  math'  at  the  power  station,  I  find  that  very 
re  coal  i^  rcctuired  lo  run  the  engines  at  a  heavy  load 
t  required  for  a  liglit  load.  The  tirst  and  second  parts 
Icctric  cnnie  tesis  jiower  station  costs  and  reconl  shoeti 
■e  this  if  referred  to,  as  tliey  show  that,  whereas  it  took 
■edweiplits  of  <'oal  to  generate  78  units  at  light  loada,  only 
■'dweight  more  were  requireil  to  produce  ISO  units  or 
cent.  TTiore  power  at  the  heavy  loiidu,  and  llii^  would  go 
•iug  the   coiil    consumpliou    until    ihc    rrmxiiMUm    of    the 

re  hiuip  liiilitiiur  was  constant  ihiriiiL''  ilie  ilirce  hours' 
ntloued. 

iiwer  station  nnd  buildiug-i  in  conueetion  therewith  have 
">rtioue<l  in  proportion  to  Ihr  ari-a  required  for  each  in- 
I.  Kach  instidlaljoii  was  a  separate  contract;  two  hoilortt 
bided  in  llie  hydraidie  coulrnet,  ami  four  in  the  eWtnc. 
of  the  ernnes  was  iio|  taken  into  eousiilerntion  at  all. 
regard  to  the  efficiency  of  two  machines  of  equal  liftitig 
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j)()wor,  I  inado  a  separate  test  of  the  three  power  lO-Km  r 
against  tlie  lo-ton  electric.  Each  crane  made  live  coiiiplet* 
witli  a  :^-ton  load,  then  a  further  series  of  live  evohitioi 
4,  (),  s  and  10  tons,  and  in  dong  this  the  hydraulic  cram?  r 
oS,4i)r,^l()0-f()ot  jMjunds  of  energy,  whereas  the  elcctrit-a 
only  vecjuired  i^  1,( J 5(5,, 3 00-foot  pounds,  all  conditions  k-iiif 

We  iind  that  with  the  electrical  cranes  the  quantity  < 
dealt  witli  per  ton  of  coal  burnt  has  increased  from  117 
tons,  or  a  net  gain  of  47  per  cent.,  and  this  is  the  p 
]iav(»  to  consi<ler. 

Witli  regard  to  Mr.  John  Barr's  queries,  only  the  een 
was  nscd  for  lifting  the  light  hook. 

With  the  lO-ton  crane,  as  already  explained,  there  is ; 
reason  for  employing  an  engine  for  the  revolving  mot 
cylinders  were  used,  there  would  no  doubt  be  a  saving  o 
cent,  in  water,  but  you  would  not  be  able  to  revolve  right 
and  this  our  traffic*  <lepartment  considers  nc^cessary. 

The  ca]>ital  charges  on  page  255  only  refer  to  the  co 
genei'ating  plant  in  ])oth  cases. 

So  far  as  we  have  at  ]>resent  been  able  to  discover 
pra<'ti('ally  no  difference  in  the  cost  of  maintenance  as 
the  electric  and  hvdraulic,  but  I  think  it  is  too  soon  vc 
dala.  There  is  very  litth*  difference  in  the  general  smoo 
working;  the  gearing  of  the  electrical  cranes  being  ma 
and  iMinning  in  an  oil  bath. 

Xeither  ihe  hydraulic  nor  electrical  capstans  are  of  the 
tvjx';  we  have  a  strong  objection  to  them,  as  we  have  h; 
in-ianees  wliere  they  have  come  open  and  serious  aeciJ 
haj)j)ene(l,  in  s«)me  cas(»s  lind)s  having  been  broken. 

With    regard    to   the   moving  of  hydraulic  cranes, 
engine  and  gearing  they  cannot  be  travelled  so  quickly 
"11  account  of  tlie  heavy  walking  pipes. 

We  tind  in  ]u*actice  that  as  we  have  no  aceumula 
<'lecti'ical  >y>leni  that  50  per  cent,  more  engine  power 
at  liand  to  meet  snddcMi  deimmds  than  is  necessai 
liydriiidic  ]dant,  but,  on  the  other  band,  the  cost  o 
eiiLiinc-,  accnmulator.  and  additional  buildings  must 
against  thi-,  and  probably  more  than  counterbalances 

Mr.  r>arr  fails  to  recognize  that  capstans  are  run 
lea^t  50  jxT  cent,  of  I  heir  working  time,  therefore  tl 
fainly  rcipiired  showing. 
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ry  tlint  I  should  have  conveyed  to  Mr.  Barr'a  iiiind 
prejudiced  in  favor  of  electric  power. 
ad  a  great  iiiiiiiber  of  years  experit'iice  on  tlie  NortU- 
Iway  with  all  kinds  of  hydraulic  dork  machinery,  and 
that  we  had  at  Atiddiesborough  an  exceptional  oppor- 
>mparing  electrical  with  hydraulic  machinery  for  dock 
erefore  instituted  a  number  of  tests  as  near  as  possible 
ar  conditions,  which  have  been  placed  before  the  insti- 

I  have  judged  only  upon  the  results  of  these  trials, 
le  may  be  found  of  value  to  some  other  as  well  as  my- 

nisnn  points  out  that  22^  per  cent,  of  the  power  gen- 
wasted;  on  the  day  the  testa  were  made  no  other  work 
lone,  and  consequently  the  engine  power  was  excessive 
I,  and  to  keep  them  moving  and  obtain  the  best  results 
II  excess  of  crane  requirements  was  nm  tn  waste;  but 
o  have  entirely  lost  sifjlit  of  the  fact  that  the  most 

point  of  workiiifT  is  wlien  tlie  engines  are  rimninjf  at 
nd  that,  as  the  loud  is  reduced,  the  eost  of  power  water 
>ro  rata;  and  therefore,  so  far  from  the  running 
nes  being  detrimental  to  the  CO."!,  it  was  an  advantage, 

per  1,000  gallnns  was  reduced  thereby.     The  cranes 
debited   witli  llie  cost  of  water  actually  used.     The 
re  practically  new  and  in  excellent  order. 
;ard  to  th<'  remarks  in  eonneetion  with  the  pcreenttlge 

the  maximum  jinwer  of  cranes,  on  looking  into  thia 
lid  tliat  tboiiirli  Mr.  Feriruson  points  out  the  average 
liy  the  o-liiii  liyilraulii-  cnnies  was  only  about  84  por 
r  iiolh  tests  togetlicr.  lie  fnil.s  to  point  out  that  the  load 
le  ."ir.-hnndre.lweijrlit  liydriiulic  crane  for  the  total  testa 

]»-T  cent.,  ami  iiiriiinsl  llils  the  eleetric  cranes  of  3-tonB 
ly  av<>nige  47^  [ler  cent.,  and  this  works  out  in  favor 


<)S()      MIDDLKSlJOKOrCJIl  DOCK  KLECTIHC  AM)  H  YDRAl'LIC  NWhi  I'LaST. 

I)(>\v(.'r,  I  made  a  separate  tost  of  th(»  tliroe  power  10-toii » raiiv ;i' 
auaiiist  the  lO-toii  elcetrie.  Kaeh  (jraiie  iiuule  tivv  coini'lttf.  i-vvl- 
with  a  2-\nn  load,  then  a  further  .scM'ies  of  tive  ovolunon-i -.r;' 
1,  <),  s  aii<l  10  tons,  and  in  (long  this  the  h yJrauhc  crano  re*[uiy 
.*>s,l!>r),  lOO-foot  pounds  of  (Miergy,  whereas  the  ekvtriral  <?nLi 
only  rcMjuircd  21,r)r)r^.'>()()-foot  ])ounds,  all  conditions  l)ein;r«ifiil 

We  find  that  with  the  eleetrieal  eranes  the  quantity  of  ird 
dealt  with  jhm'  ton  (►f  eoal  burnt  has  inerease<l  from  117  :'•  1" 
tnn<,  nr  a  net  gain  of  47  per  cent.,  an<l  this  is  the  p»iii:  ^ 
have  to  cuiisider. 

With  regard  to  ^Ir.  John  Barr's  queries,  only  thecenirrn 
was  used  for  lifting  the  light  hook. 

With  the  lO-ton  erane,  as  already  explained,  there  i?  a  ^p^' 
reason   for  emploviuir  an   engine  for  the   revolvinir  nioti^n. 
evlinders  were  used,  there  would  no  doubt  be  a  savins  of  2'M 
(•(•lit.  in  water,  hut  vou  would  not  be  able  to  revolve  riirlit  atM« 
and  this  our  traliie  department  considers  nec(*ssary. 

The  eji|)ital  (diarges  on  page  255  only  refer  to  the  eo^r  "f 
aenei'Mtiiig  jdant  in  both  eases. 

So  i'liv  n<  we  have  at  present  beea  able  to  discover  t!\ei 
])raetieally  no  diiVerenee  in  the  cost  of  maintenance  a^  Wl' 
tlir  eh-et.rie  an<l  hydraulic,  but  I  think  it  is  too  soon  yet  to 
data.  Tliei'e  is  very  little  difference  in  the  general  sniiH»tlim' 
working;  the  gearing  of  the  electrical  cranes  being  maoliiii 
and  I'liniiing  in  an  oil  bath. 

X('itli«  !•  1  he  hydraulic  nor  electrical  capstans  are  of  the  tun 
ty])e;  we  liavr  a  stivuig  (d)j(»ction  to  tluMu,  as  we  have  lia«l  >^ 
iii-tanees  wlicre  ihey  have  come  open  and  serious  aceidem? 
]iaj>p(ne(K  in  some  eases  limbs  having  been  broken. 

With  regard  i(»  the  moving  of  hydraulic  cranes,  evi^n 
('iigiiie  iind  gearing  they  cannot  be  travelled  so  quickly  a-^  e 
on  .leconni  of  tlie  heiivy  walking  pi])es. 

W'c   find   in  practice  that  as  we  have  no  accumulator 
<lret  ri<';il  <y-tem  tliat  .^O  per  cent,  more  engin(»  power  i>  r«' 
;it    li.iiid    to    meet    sudden    demands    than    is    necessarv  f 
hy<ir;nilic   ])l;int,   but,  on   the  other  hand,   the  co«st  of  hv 
eiii'liH  >,   neeiiiiiuhitor.   and  additional   buil<lings  must  be 
auain-t  thi<.  Miid  probably  more  than  eounterl)alan(»es  it. 

Mr.  Darr  fai]>  to  reeogniz(»  that  capstans  are  run  liirht 
]o:\<\  :.()  \u'V  cent,  of  tlirir  working  time,  therefore  the  po 
Tainly  required  showing. 


SBOEOUGH  DOCK  ELECTRIC  AND  HTDBAOLIC  POWEB  PLANT,      981 

I  sorry  that  I  should  have  conveyed  to  Mr,  Barr's  mind 

vas  prfjiidicecl  in  favor  of  electric  powir. 

ve  had  a  great  mmiber  of  years  experii'iit-e  on  the  North- 
Railway  with  alt  kinds  of  hydraulic  dock  machinery,  and 

red  that  we  had  at  Middlesboroiigh  an  esccptional  oppor- 

of  comparing  electrical  with  hydraulic  machinery  for  dock 
I  therefore  instituted  a  number  of  tests  as  near  as  possible 

limilar  conditions,  which  have  been  placed  before  the  inati- 
and  I  have  judged  only  upon  the  results  of  these  trials, 

I  hope  may  be  found  of  value  to  some  other  as  well  as  my- 

Ferguson  points  out  that  22^  per  cent,  of  the  power  gen- 
was  wasted;  on  the  day  the  tests  were  made  no  other  work 
ing  done,  and  consequently  the  engine  pnwer  was  excasaive 
!  load,  and  to  keep  them  moving  and  obtain  the  best  results 
ter  in  excess  of  crane  requirements  Wits  run  to  waste;  but 
ms  to  have  entirely  lost  sight  of  the  fad  that  the  most 
lienl  point  of  working  is  when  the  engines  are  running  at 
id;  and  that,  as  the  loa<l  is  reduced,  the  cost  of  power  water 
les  pro  rata;  and  tliercfnre,  so  far  from  the  ninning 
engines  being  detrimental  to  the  cost,  it  was  an  advantaj^, 
cost  IKT  1,000  galluus  was  reduced  thereby.  The  cranes 
inly  debited  with  the  cost  of  water  uetuiilly  nsed.  The 
s  were  pnteticiilly  new  jiud  in  excellent  order. 
Ii  regard  to  the  roinarks  in  cimneetion  with  the  percentage 
is  to  tlie  maxiiniiiii  power  of  cranes,  on  looking  into  this 
,  I  find  that  thoiiiih  Mr,  Feriruson  poirils  out  the  average 
fted  by  tile  r.-toti  hydniiilic  cMities  wa-i  only  about  84  per 
iking  ii.>th  tests  togclhiT.  he  fails  to  point  out  that  the  load 
of  the  .1.5-huudrcd\vciglit  liy.iraulie  crane  for  the  total  test* 
e  7;i  per  cent.,  ami  agniiist  ihi.i  the  electric  ernnej*  of  3-tonfl 
y  only  aveniijc  47.1  p<'r  i-riit.,  and  thin  works  out  in  favor 
hydraulic  craue>(. 
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No.  1044.* 

BEFUi<E  DESTRUCTrON   BY   nURXIXG,  .LV/) 
L'T  I  LIZ  AT  ION   OF  HEAT   GENERATED. 

BY   r.  NKWTON    lU'-'aELL,   ROROirini   KI-KCTRirAI.  ENfilXEER,    METRoPOLOUTaX  201 

HHORKDITril,   L4)NI>ON. 

(Mi'm1)er  Inntitution  uf  Mechanical  Engineen*.) 

1.  Tlio  important  question  of  how  best  to  destroy  town 
or  <rarbjig(*  is  now  u(*eupying  the  minds  of  many  engin 
]nil)lic'  oHicials;  and  all  who  are  resimnsilde  for  the  publ 
aii<l  saiiitaticm  are  agreed  that  where  possible  the  rt'fu: 
be  (h*strnycM.l  by  fire.  This  opinion  is  evidenced  strong! 
fact  tliat  the  old  systems  are  disapi)earing,  and  already  in 
of  impoi'tanee  have  phmts  for  burning  garbage. 

2.  Ilie  j)roblem  of  disposing  of  towns'  refuse  has  cxoi 
iiiiii<ls  of  those  eonneeted  witli  the  municipal  affairs  : 
years.  The  old  system  of  tipping  it  on  vacant  plots  o 
(Inoiiied,  as  it  is  now  generally  n^cognized  that  in  orJ* 
with  tlie  ])robleiii  in  a  reallv  satisfactorv  manner,  otl 

I  1.'  €-■ 

must  be  eonsidered  besides  ease  and  cheapness  of  iU>iH 
iiM»st  important  requirement  is  tliat  the  refuse  should  b 
of  iu  a  sanitary  mauner;  and  whatever  method  of  des 
(l('ci<le(l  upon,  this  sliouhl  take  first  place  in  its  con 
III  this  paj)cr  the  autlior  deals  only  with  domestic,  or  ho^ 
wliicli  (M. Heists  of  hcmse  and  shop  sweepings,  kitchen  refv 
-wrcpiuus,  an<l  ofTal,  and  with  wliat  is  known  as  trade 
«Im('<  iK.i  nf('r  to  the  disposal  of  sweepings  from  macai 
wn.Ml  pMvcd  n^ads,  except  wlien  the  s;wee]nngs  are  in  a 
1  i'»n. 

:*..  Tin-  Idiids  of  refuse  just  enumerat^xl,  if  left  for  ; 
frniiriit  and  quickly  become  not  only  offensive,  but 
t(»  licaltli.     Those  who  have  more  than  ordinary  opi)or1 

*  I^rcsonted   at  tho  Chicago  meeting  (May  and  June,  1904)  of  I 
Society  of  Mechanical  Engineers,  and  forming  part  of  Volume  i 

TransactioM. 
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the  nature  of  the  materials  that  go  to  the  dust  heap 
that  the  only  satisfactory  way  to  deal  with  town  refuse 
it  as  quickly  as  possible.  It  is  much  mote  expensive  to 
ic  than  to  shoot  it  on  the  land ;  but  the  hygienic  benefit 
■  the  latter  method  ia  of  such  evident  and  incalculable 
le  public  health  that  the  matter  of  cost  ia  of  secondary 

subject  of  destructors  arranged  to  dispose  of  refuse  ap- 
ive  first  been  dealt  with  seriously  by  Mr,  Alfred  Fryer 
twenty  years  ago;  in  fact  it  may  safely  be  said  that  the 
1  of  to-day  are  the  result  of  that  gentleman's  foresight 
tercsting  paper  on  "  Dust  and  Ashes  "  was  written  by 
back  as  1887,  and  shows  that  ho  was  then  fully  alive  to 
ilitics  and  future  usefulness  of  the  destructor.  It  de- 
trouble  encountered  in  dealing  with  refuse  even  twenty- 
ago,  and  the  difficulties  met  with  then  are  the  same  as 
ive  to  deal  witli  in  a  more  acute  form,  Mr.  Fryer,  in 
rove  the  ohl  saying  that  there  ia  nothing  now  under  the 
ids  hi«  readers  that  in  remote  times  tlic  fires  of  Tophvt 
le  burnable  refuse  of  Jerusalem, 

general  arrangement  and  cffieiency  of  steam-raising 
]ilaiilrt,  as  wc  know  theni  to-day,  liavo  considerably 
<hii'ing  the  post  eiglit  years.  In  1807  plants  were  in 
lit  Oldham,  Warrington,  Liverpool,  Leylon,  Cambridgi-. 
n  sevei-al  parts  of  London;  since  then  the  number  has 
■nnsiih'rnMy.  'I'lie  results  from  these  installations  show 
ly  tliat:^(])  In  Kiigland  the  refiiwc  has  sufficient  calor- 
;.o  enable  it  to  be  easily  burned  without  the  addition  of 
I'  other  kind  of  purchased  fuel;  ('2)  The  gases  produced 
fn'at  amount  of  energy  in  the  form  of  heat  which  can  be 
.'I)  Tile  refuse  <if  each  hicality  ban  a  fairly  eon^ttint 
hie. 

vantages  or  disjidviiiilnges  of  the  varioiw  forms  of 
furnaees  that  liave  bi-cii  oreeteii  have  been  pretty  well 
lit  by  other  writers.  Each  maker  claims  some  advantage 
vals,  but  the  fai't  remains  that  al!  successful  destructors 
ices  operating  im  praetieally  tlie  same  principle,  the  only 
being  in  detail-^.  Similar  results  are  obtained  from  the 
i  erected  by  difFerent  makers,  eaijh  claiming  superiority. 
main  object  of  this  paper  ia  to  treat  the  practical  Bide  of 
m  rather  than  the  various  types  of  deatnictors,  and  as 
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full  particulars  and  statistics  may  be  derived  from  pri 
lications,  the  author  proposes  to  describe  fully  the  w< 
which  he  is  associated.  The  plant  in  question  is  owii( 
irctro]>olitan  Borough  of  Shoreditch,  London,  and  was 
Juno,  181>7.  The  works  were  about  the  largest  of  their 
contained  many  new  features,  some  of  which  even  now  a 
to  criticism.  Before  the  works  were  built  most  of  th( 
and  market  refuse  was  carried  in  barges  by  the  canal  wl 
thr()iip:h  the  Shoreditch  area  and  dumped  on  waste  lar 
proximity  to  the  London  suburbs.  The  problem  of  do 
the  refuse  under  the  new  conditions  was  entrusted 
ManviUc,  of  the  finn  of  Messrs.  Kincaid,  Waller  and 
consulting  engineers  of  Westminster,  and  the  contra 
erected  the  destructor,  were  Messrs.  Manlove,  Alliot 
Xottingliam. 

7.  The  Slioreditch  area  which  adjoins  the  City  of  I 
tains  040  acres,  and  had  in  1897  a  resident  population  < 
Land  was  very  valuable,  and  it  was  necessary  to  p\i 
pnll  down  all  pr(^])e^ty  near  the  center  of  the  area 
obtain  a  suitable  site.  Eventually  a  suitable  place  was 
npou  which  was  erected  an  electric  generating  stat 
destrnctor,  baths  and  wash-houses,  and  a  free  librarj*. 
:i United  to  the  destructor  works  was  18,450  square  f 
i\\)nut  li5s.  per  square  foot.  The  space  at  disposal  beinj 
it.  was  ini]K>ssible  to  have  an  inclined  roadway,  up  whicli 
Inadcjl  with  refuse  could  be  taken  to  be  tipped  directb 
of  the  furnaces,  which  is  the  usual  practice.  It  wf 
decided  to  ])nt  in  lifts,  to  raise  the  refuse  to  the  t« 
Tlie  (le>trnctor  and  boiler-house.  Fig.  473,  is  separati 
elect  lie  acnenitinii"  stiition  by  fire-proof  doors. 

S.  The  destructor  house  contains  two  batteries  of 
cock  Wilcox  water-tube  boilers,  each  liaving  two  refi 
(niic  pljiced  on  either  side  of  the  boiler),  while  the  o 
lire  lira te  ininiediately  under  the  boiler  tubes  is  pro 
Muxiliju'v  for  use  if  required.  A  complete  set  thus  co 
JM.ilcr  :nid  I  wo  furnaces,  Fig.  474.  The  hot  gases  froi 
furnaces  pass  through  short  side  flues  and  immediat 
contact;  with  the  boiler  tubes.  The  gases,  after  passir 
liuilcr  tubes,  iiud  their  way  into  one  of  the  main  flues 
economizer,  and  thence  to  the  shaft.  The  grates  o: 
furnaces  are  5  feet  ^vide  and  5  feet  from  front  to  bi 
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*.clined  at  25  degrees  to  the  liorizontaL  The  refuse  furnace  bars 
te  of  the  stationary  type,  and  are  built  up  of  wrougbt-iron  wedge- 
*«3aped  strips  in  sections  2  feet  6  inches  long  by  3J  inches  wide,  and 
^^~%oiit  4  inches  deep.  The  grate-area  of  each  boiler  furnace  is  27 
'^  *juare  feet,  the  heating  surface  being  1,300  square  feet, 

1).  The  refuse,  wheu  received  at  the  works,  is  shot  into  one  of 
i^"%i.wo  Mu,  rig,  177,  cacli  prondcd  with  a  tippiog-truck,  Fig3.  475 
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Fm,  473,— UttoUND  Plan  of  tub  Wo»Ks. 
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(o  477,  wliifli  is  run  otT  liie  lift  aa  soon  as  it  rr^achea  the  tflp  pUt- 
forni,  Fig.  47^;  tlic  li'utk  rnne  upon  rails  and  is  operated  on  the 
trolley  eystem.  The  refuse  is  then  tippwl  into  «iK>ciul  chargin); 
trueks,  Figs.  47ri.  47*5  lUi  47H,  worked  by  chain  gearing,  one  of 
wliieh  i«  provided  for  eacli  furnace. 

10.  The  nvernge  niuoiinl  of  refuso  received  \\ct  day  is  about  85 
tons  (one  ton  =  3.240  pounds),  nnd  tlii«  ie  delivered  between  9 
a.  m.  and  ."i  p.  m.,  but  tbe  amount  varios  considerably;  iu  Bununor 
it  may  be  as  low  as  flO  tons,  and  in  winter  as  high  aa  140  ton», 
As  it  is  found  impossible  to  get  the  supply  at  n  regular  rate,  it  in 
advisable  to  provide  storage  space  to  rope  with  ext.ra  large  de- 
liveriea.    This  is  done  at  Shoreditch,  where  a  large  rectangular 
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iron  storage  bin,  Figs.  475  and  476,  holding  about  60  tonn 
refuse,  ia  fixed  under  the  tipping  platforms. 

11.  TIic  lifts  and  tip-trucks  are  worked  entirely  bj  elfoTrifi- 
and  are  found  to  act  well.  The  average  amount  of  electric  i-B-r^ 
cousin  lied  by  the  lifts  and  trucks,  taken  upon  a  total  of  i'j!" 
tons  of  refuse  (over  a  year's  working),  is  0.53  kiloiratt-hour pt 
ton,  the  greater  portion  of  which  is  expended  on  the  liftiiij '■['rn 
tion.     The  record  time  taken  to  deal  with  a  load  of  refua  i 


Fio.  474.— Pekbpecti 


Two  Reptse  Ft 


into  tlio  lifts,  raised  to  tlio  tnp  platform  and  tipped,  ami  tin 
Inirk  returned  In  the  starting  point,  is  seven  uiiuiit<'s,  tlic 
liiiii'  liriiif!:  iihoiit  nine,  nunutes.  This  is  an  inijHirtant  f 
cnrisiileriiiji'  new  iilantw,  as  unless  sufBcicut  lift  acoommor 
jimviiled  a  con^ideruble  loss  of  time  results  from  h)C\ 
dust  vans  waiting.  It  is  found  that  the  vans  in  which 
is  eiillected  nsimlly  arrive  in  batches,  and  unless  ample  i 
U  made  fur  rapidly  shooting  the  garbage  delay  occurs. 
uf  lejiairs  to  the  lift  and  tipping-tnzck  part  of  the  equi] 
very  small. 

1-2.  The  eharging  tnioks  are  of  the  square-box  pattern, 
mild  steel,  of  sufficient  cajiacity  to  hold  one  cartload  oJ 
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I'l.;.  176.— TuAXsvEKsE  i  Sucnon. 
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i  divided  vertically  into  five  compartmcnta.  Each  compart- 
lolds  about  500  pounds,  the  usual  amount  of  one  charge  of 
-uace.  The  charging-door,  or  opening,  Fig,  478,  is  of  the 
tal  pattern,  and  is  operated  from  the  top  platform  by  chain- 
',  worked  by  hand. 

Co  charge  a  furnace  the  truck  is  drawu  iuto  position  go  that 
the  compartments  is  iimiipdiat«ly  over  the  horizontal  door; 
of  o])oning  allows  the  false  bottom  of  the  truck  to  fall,  and 
'use  drops  into  the  back  portiom  of  the  furnace,  Fig. 
[lowever,  as  the  refuse  is  not  sorted  in  any  way,  but  ia 
ith  exactly  as  it  is  received  in  the  van,  it  occasionally  hap- 
at  large  articles,  such  as  bags,  boxes,^  tins,  etc.,  prevent  the 
»f  the  charge  from  falling  at  once  on  to  the  drying-hearth, 
T-t,  in  wUJcli  case  it  has  to  be  pushed  down  with  rods. 
arging-trucks  enable  ordinary  refuse  to  be  passed  from  the 
■  tlie  furnace  without  handling,  and  are  of  the  kind  in  use  at 
m\  and  other  places  which  arc  worked  on  Medsrs.  Boulnoia 
'odie's  system.  It  is  not  found  advi^^ablo  to  employ  this 
of  charging  for  wtraw,  pa])cr,  sawdust,  or  any  such  light  and 
uabh'  irmterial,  owing  to  ita  tendency  to  ciitcb  tire  during 
Taliim  of  charging  and  before  it  can  be  sliot  into  the  fur- 
It  is  found  mi>re  convenient  and  safi'r  tlrflt  of  all  to  shut 
air-blust  and  fi'ed  the  refuse  In  question  through  the  front 
lace,  the  blast  being  fumed  on  again  when  the  gratt^  ia  well 
i.  Each  furnace  is  provided  with  both  steam-jet  and  forcod- 
st.  In  the  author's  exjierience  the  latter  has  boon  found 
ible. 

The  ffireed-iiir  blast  i.■^  provided  by  three  Stnrtcvant  fftiu, 
esigned  to  givi'  S.OOO  cubic  feet  of  air  per  ininnte,  ajid 
direct  by  a  shuiit-wouml  electric  motor  at  a  speed  of  6B0 
ions  [HT  niinule,  'i'lie  three  faius  arc  not  \iaed  continuously, 
I  number  iM^ing  cnii  v  put  to  work  during  tlie  time  nf  hf^avieet 
Till'  inli'N  (ii  the  i'iin-^  arc  cmnected  with  air-ducta,  I'ig, 
Iiat  .Iraw  llie  liot  air  from  the  top  platform  of  the 
tor;  the  three  fans  are  connected  to  a  common  dischargo- 
hieli  is  led  uuilergroiind  lo  tlie  ash-pita,  tho  draught  (o  each 
'>iitn)lled  by  ii  sejiiirale  air-valve,  Kig.  4TU.  The  alr-preaatiro 
discharge-duct  at  llie  fann  is  ^  inches  head  of  water,  while 
the  aah-pife^  in  slifrlitly  U^ss  than  1  inch."  Kvon  ivith  the  lat^ 
uparativcly  low  pri's^nrc  tlie  tomperatiii-e  obtained  in  the 
2s  often  exceeds  2,OU0  ilegrecs  Fahr.     It  is  interesting  to 


ill  stoaiu-raising  destructor  plants,  the  autlior 
time  to  time  a  number  of  articles  which  have 
furnaces,  from  which  it  appears  that  such.  : 
cast  and  wrought  iron,  copper,  brass,  etc., 
molten  state.  The  furnaces  have  now  been 
years,  and  it  is  interesting  to  find  that  the  fir 
in  good  condition,  and  show  very  little  sign  of 

IG.  The  fire-brick  linings  of  the  furnaces  ai 
and  do  not  often  require  renewing;  repairs  an 
sary  in  connection  with  the  fire-brick  arches,  pi 
of  damage  done  by  stoking  irons.  A  somew 
storing  hot  feed-water  is  in  use  (sometimes  call 
The  rea:r?oii  that  led  to  its  adoption  was  that, 
the  combined  scheme,  it  was  not  thought  thi 
least  tlie  demand  for  electric  current  would 
that  during  the  hours  of  daylight,  when  refi 
b(^ing  burned,  it  was  feared  that  some  of  the 
owing  to  the  small  demand  for  steam. 

17.  It  was  therefore  decided  to  instal  Halpi 
system,  with  a  view  of  storing  up  heat  in  the 
liiu'li  temperature,  Figs.  475  to  477.  The 
oriii'inallv  connected  to  the  main  line  of  steam- 
it  being  gi'adually  filled  by  pumping  in  col 
would  be  heated  l>y  means  of  spare  heat  gen 
fnrnaces  during  tlie  daytime.  The  intention  '^ 
the  steam  raised  in  the  boilers  of  the  destru 
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at  times  of  low  load  with  water  at  a  temi>oratnrc  corre- 
ng  to  a  pressure  of  200  poiinds  per  square  inch.  anJ  at  the 

F  greatest  deiiiaiui  fur  current,  imt  "nly  fccii  tlir  lioilers  fmin 


rag6  tank,  l'iil  liv  llir  evnpornlioii  of  the  hot  water  ua  the 
■e  fell  steam  would  U-  Kivcn  nlT  to  uugtiX'nt  tliat  supplied  by 
dinarv  boilers.  The  ppiwas  would  proceed  until  the 
■e  reached  the  lowest  point.  i.<*.,  130  jwunds,  by  which  time 
thought  that  tin-  time  n{  maxiniuui  dmnand  would  have 
,  and  that  the  ordinary  !"iih>rs  would  be  able  to  cop©  with 
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I  lie  liiutl.  The  ddtted  circlps  shown  on  Fig,  47"  Kp-. 
|iositioiis  pruvidcd  for  additionul  vessels  if  reqiiiri'J.  J)a^ 
counts  for  tlic  provision  of  heavy  structural  ironwork.  ubitL 
since   proved   nnnecfsiiry    also   the   extensive  svstem  of  't 


III  |ii  iiliK  lliimis  ^vorkod  out  \crj  differcnth 
1)11 1  til  i1  jJiiiiipiiig  <oId  Mater  into  the  \«'s(l  mt 
(  nu  -ii  im  \4i3  hemg  idimtted  eau'-ed  feiiih 
iiiu  111  lI  tin  iniitice  had  to  be  di-^coutinued  fi 
w  1  1  mild  n(C(*-,iiv  to  pirtially  heat  the  feodv 
it  tliruiij^li  ii  Orecn's  economizer  before  putting  it 
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al  storage  vessel ;  this,  however,  effectively  got  over  the 
Ity.      Secondly,   by  the  autumn  of   1897  the  demand  for 

during  the  daytime  had  reached  nearly  the  limit  of  heat  it 
[>8siblc  to  get  from  the  refuse  furnaces;  so,  having  nothing 
re  from  that  source,  no  additional  thermal  storage  vessels 
lecesaary. 

The  boiler-feed  ia  now  furnished  by  a  Weir  pump,  which 
I  the  cold  wat(ir  through  a  (Jrt'en's  economizer,  where  it  ia 
i  to  8  temperature  varying  with  the  load,  although  at  light 

a  maximum  temperature  of  250  degrees  Fahr.  has  been 
ed.  The  fefd  tlien  passes  into  the  thermal  storage  vessel, 
475  to  477,  iixod  at  a  level  of  about  20  feet  above  the  boilers, 
veasoi  is  simply  a  cylindrical  shell,  30  feet  by  8  feet,  which 
d  for  storing,  during  the  hours  of  light  load,  hot  water  with 
I  the  boilers  are  fed  ilirectly  by  gravity, 

,  Most  of  the  lime  in  feed-water  comes  down  in  the  feed- 
IB  vessel;  the  amount  taken  out  of  the  vessel  after  a  run  of 
,  months  waa  little,  short  of  one  ton  after  being  dried.  The 
it  in  the  economizer  tubes  was  less  than  1-16  inch  in 
neas ;  it  was  of  a  harder  nature  than  that  in  the  feed-storage 
t,  and  could  be  removed  by  a  scraper.  The  boiler-tulwB  were 
lently  examined  and  wore  found  fairly  clean,  the  deposit  in 
ibes  amounting  to  an  average  of  3-32  inch. 

This  system  of  feed-atorage  has  undoubtedly  contributed 
lerably  to  the  siiccosa  of  the  plant  generally;  it  enables  the 
,eer  in  charge  of  tlie  steam-raising  plant  to  store  hot  feed- 
■  during  about  eighteen  hours  out  of  the  twenty-four,  so  that 
J  time  of  ma.ximiini  load  the  vessel  ia  about  two-thirds  full  of 
(vater  at  a  pressure  and  temperature  equal  to  that  of  the 
•9.*  Teats  have  hern  made  on  several  occasions,  when  the 
nd  for  electricity  has  been  within  tlie  range  nf  the  refuse 
ice  to  supply  tlie  necessary  heat,  and  when,  of  course,  no  coal 
ised.  The  residts  showed  0.il5  pound  of  water  evaporated  at  a 
1  pressure  averaging  'l'^0  jwunda  for  1  pound  of  refuse 
■d.     A  considerahln   reduction  must,  however,  be  made  in 

figures  when  taken  over  say  twelve  months.    Damp  weaUier 


ir  full  ileUili  of  TlipruiHl  }4t<)rni^  Sfateia  m  applM  Ui  nnllnar;  RtMun 
r  pUntA,  am  Paper  on  "  IVoiiomy  •>{  Foel  In  Klprtrin  GianwnitliiK  Stations," 
MeLaren,  M.  1.  Mecli.  K..  Proceedings,  InetUutlou  of  MecliuiU'il  EuginBurs, 
J.  1908. 
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(wliicli  affects  tlio  quality  of  the  refuse),  low  barometric 
choked  flues,  warped  doors,  the  starting  up  of  furnaces, 
easily  bring  down  the  average  results  over  a  lengthy  pei 
pound  of  water  for  1  pound  of  refuse  burned.  The  exis 
has,  however,  proved  most  serviceable  for  the  storage  o: 
water,  and  as  a  means  of  removing  the  impurities  fron 
water  before  it  reaches  the  boiler.  The  economize 
erected  until  some  time  after  the  works  were  opened,  as 
antlcl])ated  that  the  temperature  of  flue-gases  would  ^ 
insertion.  However,  after  the  plant  had  been  running  s 
some  time,  and  careful  tests  had  been  taken,  it  was  fou 
fhie-gases  at  the  base  of  the  chimney  had  a  maximum  ti 
of  700  degrees  Falir. 

21.  Adjoining  the  refuse  destructor  and  electro-gen 

tioii  are  situated  the  public  baths  and  wash-houses. 

tain : — ■ 

1  swimming  batli,  100  feet  bv  40  feet. 
1  "  "        75  feet  by  34  feet. 

76  slipper  bath. 
50  troughs  for  dothes  washing. 

22.  The  exhaust  steam  after  leaving  the  engine; 
(Iciisiiig)  in  the  generating  station  is  carried  by  a  16-i 
tlic  baths.  Fig.  47J),  where  it  is  put  through  heaters  wl 
ill!  tile  liot  water  necessary  for  the  whole  of  this  largo 
Live  steam  is  also  supplied  direct  from  boilers  for  clot 

L^'>.  This  selieine  for  heating  the  whole  of  the  bathi 
b()iis(s  has  ])roved  eminently  successful,  and  has  exci 
imioinit  of  interest  among  mimicipal  authorities.  No  c 
(■v(M'  is  made  to  the  baths  for  any  exhaust  steam.  A  c 
ever,  (.f  not  (|uite  £250  (or  $1,250)  per  annum  is  ni 
live  steam.  The  arrangement  is  a  very  economical 
llaths  l)(j)artni(»nt,  and  worthy  of  serious  considerat 
where  exhaust  steam  is  available.  The  Free  Libra 
(•l"-('  \)\\  is  lieated  by  exhaust  steam  from  the  feed-pui 

■Jl.  The  ainoniit  of  refuse  destroyed  is  between 
ijil.oiM)  tons  per  annum.  The  residue  (or  clinker)  amoi 
;j:>  to  :>.")  per  eent.  of  the  weight.  The  cost  for  labor 
the  refuse  is  very  high,  compared  with  that  at  othe 
])biiils,  and  is  amy  of  the  most  serious  factors  for  c( 
Tlic  nearer  a  destructor  is  to  the  center  of  a  large  city 
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1)e  the  wage  bill,  and  this  fact  m\iat  be  borne  in  mind  in  t-ou- 
rang  any  new  scheme : — 

Ar  huidlinK  and  baming  refuse,  including  yard  men— averago 3    6 

Ka  and  esiablisbment  charges 0    4^ 

hln  and  maintenance  of  cells  and  plant  and  coBt  of  uugi [leeriog  stores.  0  10 

Total 3    81 

tfi.  The  average  number  of  men  employt'd  in  aolnally  hnnJIing 
refnse  (per  shift  of  8  hours) : — 


Top  men 3 

Uttmen I) 

Yard  men  (laborefs) 31  ""''"'"«  •""'■ 

Foreman  in  cliarge  of  sliitt 1 

The  above  figures  are  for  the  fifth  year's  working,  when  con- 
.erablo  repairs  were  necessary  to  the  furnace,  liuinge,  doors,  eto. 
The  works  are  run  on  the  eight-hour-shift  system,  seven  days 
r  week, 

26.  The  amount  of  electric  energy  eon.-iiuncd  in  the  burning 
d  handling  of  25,000  tons  of  refuse  is  aa  foUo^vw : — 

Bieclric  fans 4.0 

lifts  and  (rucks (l.O 

ligliling 0.48 

Total J. 98 

»  cant  of   the  destructor,   inrluiling  furnaces,   fluiii,   LuildingH.  f  £15,1)00  or 

■onion  of  ciMl  of  uliimuuy,  conat ruction al  Irouwork,  cK; f  f7Q  dq(, 

t  eoHi  of  cblranev'  wni4  ,£'J.TDO,  two-tliirds  of  wblch  wan  charged  tu  I  tjg  050 
he  destruutur  will  onu.lbini  to  ilieelectric generating  department,  j 

The  residue  from  l.ondtm  refuse  consists  of  npprnximntely — 

]vr«inl  otrcfDM. 

Common  clinker 80 

FineaBh a 

Flue 


Total 34 

27.  The  disposal  nf  clinker  when  produced  »t  work*  i^itimted 
the  center  of  liir^e  cities  iw  n  .jirticnlt  and  cx|ionsive  matter — it  is 
lally  found  iinjinieliciilde  1"  n.se  more  thau  a  small  portion  for 
b  and  mortar  making.  The  greater  portion  has  to  be  removed 
vans  to  the  outskirts  xif  the  city.  This  in  the  case  of  Shore- 
ch  costs  2s.  or  50  cc>nl.s  per  ton  of  clinker,  and  should  be  taken 
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into  ac-(Mnini  in  tlic  total  cost,  for  disposal.  When  luiiWiti! 
Itniis,  niii(l-iiiiikiiifr,  vU:,  arc  guing  on  extensively  inliieu' 
liDiiil  till'  clinkc.T  fi'uni  refuse  dcstruittors  is  of  coibiili'rabl 
Wlicn  jH'ojierJy  trc-atfil  it  may  be  made  into  most  oxcelltn 
slalw,  liritks,  concrete  and  mortar. 


,\n  piijiiT  on  refu-'^e  ilcatrnetors  would  l>e  compl 
■ufi-  U>  tlio  utiliKatiou  of  clinker  for  slab-niaklni 
iillior  ii'i'atofiilly  a<'knowledgcs  his  indebtedness  ti 
rriivc,  Biiroiigli  Enpincor  to  the  Horsey  Borouj 
•n.  for  the  rcfiults  of  liis  experience,  extendinfi  ov( 
jr-.  -Mr.  Lovefrrove  says  that  rough  clinker  form 
cla^si's  of  lianicorc,  as  it  proHded  a  tlrainape  bed 
!■(■  ••(  the  road  was  kept  drier  than  was  the  ease 
■^  I'i  ftiiiiidatinii.  As  a  concrete,  mixed  in  proiw 
loirii  (o  fivf-  of  clinker  (care  beinj;  taken  to  havi 
nl  i>f  (iiio  a^lil,  it  was  sn|ierior  to  what  was  tie 
■il  io  I,oii(l.in  tlie  best  class  of  concrete.  \'iz..  th 
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i  part  of  Portland  cement  to  five  pan  a  of  Thames  ballafit;  it 
ougher  and  less  subject  to  cleavage.  'I'his,  on  soils  such  as 
where  the  ground  was  subject  to  expansion  and  i-ontraetion 
le  buildings  to  settlement,  was  a  very  iriii>ortant  factor,  which 
d  not  be  overlooked.  The  same  remark  a]ij>lied  to  the  nae  of 
round  clinker  as  a  motor.  Mr.  Loveprove  liad  also  used  the 
•ial  for  plastering  and  rendering  to  a  somewhat  large  extent; 
vhile  it  made  a  very  hard  plaster,  there  was  one  defect  which 
;d  itself  to  a  greater  or  less  extent,  namely,  that  after  the 
fring  or  rendering  had  been  finished  for  a  few  months,  signs 
jwiug  had  occurred,  causing  small  circular  flaws  about  i  to  J 
In  diameter  in  the  face  of  the  plaster;  on  oxaminiug  these  they 
ired  to  he  due  to  minute  particles  of  iron  in  the  clinker.     In 

where  this  (K-curred  the  small  places  were  cut  out  and  made 
,  and  no  further  trouble  was  experienced.  At  the  same  time, 
nsidered  it  advisable  to  call  attention  to  this  risk,  particularly 
.  the  rendering  was  used  for  water-tight  tanks. 
.  Very  successful  tar  paving  could  be  made  by  crushing  the 
er  and  sifting  it  to  the  various  sizes  required  for  the  bottom 
top  dressing,  and  this  could  be  laid  at  a  cost  varying  from 
id.  per  square  yard  to  la.  'Jd.  per  square  yard,  according  to 
listance  of  cartage  from  the  works.  It  appeared  to  equal  in 
bility  the  ordinary  granite  tar  paving,  hut  it  was  not  suitable 
laths  when'  the  foot  traffic  was  heavy.  Tlie  use  of  the  clinker 
n.ikiiig  paving  slabs  was  not  new.  Many  of  the  earlier  hand- 
■  filiihs  were  facinl  with  granite,  thus  hisiug  one  of  the  great 
ntagcs  <if  tlie  clinker  shih,  naincly,  the  riori-slippcriness  of  it« 
lec.  The  adoption  of  lh<'  hydaulic  [in'*;  hail  done  away  witli 
icccssily  for  griinile  facing.  These  |vrcHscs  had  lieen  in  Use 
oiiic  lime,  particulnrly  at  l,iver]io(d  and  lloiiflo,  but  at  jireaont 
■nly  machine  of  the  kinil  in  use  in  or  near  London  waa  that 
iging  to  tlie  llornsi'v  Conucil.  The  slab  protluced  was  even 
(tiire  and  nou-sli]iiicry  iii  wear,  the  effect  of  heavy  foot'traffic, 

four  to  five  years,  being  pritctically  itupereeptiblo.  (to  tl«t  it 
■ared  very  favoriibly  with  other  manufactured  paving  filftba, 
;lic  cost  of  production  was  considerab3y  loss  than  one-half  the 
if  onlinary  granite  concrete  |Niviug.  Tlie  clinker  drawn  from 
■pfuse  ftirnacen  wiis  ground  in  a  mortar-mill  driven  by  at«am 
ned  from  tlie  (h'stnictor  boilers,  and,  after  being  Hift«d 
tgh  a  J-incli  square  mesh  sieve,  was  mixed  witJi  Portland 
nt  in  tlie  jiroportion   of  two  of  grmnid  clinker  to  one  of 
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(•(Miicut.  The  concrete  was  then  placed  in  strong  iron  i 
inonlds  and  run  by  hydraulic  power  under  tht*  liydrau 
wliicli  exert(»d  a  pressure  gradually  increasing  up  tu  11; 
stjuan^  inch.  The  slab  remained  under  pressure  fcir  al* 
minutes,  wlien  it  was  removed  from  the  mouM  auJ  j»L 
rack  to  drv  under  cover  for  about  a  week,  and  was  the 
in  tlic  open  until  recpiired  for  use,  it  being  found  that  aj 
mouths  the  shib  was  in  good  condition  for  laying.  Thc^li 
nf  the  mouhls  in  use  were  3  feet  by  2  feet,  2  feet  <5  im 
feet,  and  2  feet  by  2  feet,  and  the  thickness  of  the  pavii, 
inches.  This  process  could  not  be  looked  n]x>n  in  a  Ian 
a  method  of  dis])osal,  but  rather  as  a  useful  and  economii*: 
i*{  using  the  wasteful  mat^'rial.  The  cost  of  inanufat 
largely  all'e<*ted  by  carefully  planning  the  works,  so  t 
was  sufficient  mill-])ower  to  keep  the  presses  at  W(»rk.  ami 
tion  of  the  mills  being  between  the  furnaces  and  tlio  i 
room,  unnecessary  labor  in  wheeling  was  therebv  avoi 
liad  carried  out  various  comparative  tests  for  personal  in 
to  ascertain  the  value  of  clinker-paving  and  briquettes, 
with  other  materials.  With  regard  to  these  tests,  it  wa 
geste(l  that  the  most  ndiable  test  for  paving  could  Ik 
(»therwisc  than  in  actual  wn*ar,  whether  of  macadam 
or  j>aving  for  f<K>tways  bore  a  very  close  relationship  t«> 
<»l>tained  by  the  test.  This  test  was  applied  by  placinjr  sa 
cylindrical  testing  machine,  the  cylinders  being  cast-ini 
inrhrs  in  inicrnal  diameter,  with  three  1-inch  by  l-incl 
lilw  rivetrd  lengtliwise  on  the  inside  of  each  cylinder; 
n{  nijiterial  was  subjected  to  S,000  revolutions  at  a  s] 
n'\nhiti(nis  per  minute.  In  the  wet  t^^sts  the  niati 
\\eii.'hed  <Irv,  and  alxnit  half  a  gallon  of  water  wa? 
cylinder,  tlie  weiglit  after  the  test  not  being  taken  um 
pics  were  again  th<>roughly  <lry. 

oH.  As  bearing  ujum  the  scheming  and  working  of 
tin-  antlmr  makes  the  following  suggestions,  which  are  1 
of  i.rn«-ii':i]  exjierience  from  a  Municipal  Engineer's  ]mi 

1.  TIm'  >ite  >liould,  when  ])ossible,  be  right  awav  fi 
tl;il  ;in<l  important  business  (piarters  and  near  to  a  tra 
a  w.-ilcrway. 

-.  It  i>  unnecessary  for  the  destructor  to  adjnin 
■J'  n<  raTJn^  station.  It  should,  indeed,  be  far  enou 
•  .tlHiwi-r  .-o  j)laced  that  dust  from  works  and  clinker 
n-ach  the  engine-room  of  the  generating  station. 
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Fumaceinen  ahoiild  be  made  to  rely  on  n^fuse  as  fuel;  coal 
e  should  never  be  allowed  inside  a  destrui-tor  works. 
About  8  to  10  tons  of  refuse  have  to  be  handled  to  produce 
jne  amount  of  steam  as  can  be  got  by  the  combustion  of  1 
good  coal. 

The  use  of  lifts  and  trucks  for  handling  refuse  should  be 
:d  where  possible.  Unnecessary  handling  of  refuse  soon 
up  the  costs.  An  ideal  system  from  both  a  sanitary  and 
mical  point  of  view  would  be  to  shoot  the  refuse  straight  out 
!  collecting  van  into  the  furnace. 

Fine  dust  is  emitted  from  the  chimney  and  will  prove  a 
Qce  unless  flues  are  well  designed  and  cleaned  right  out  at 
ance  a  week. 

e  flue  dust  is  of  a  gray  color,  very  gritty,  and  thoroughly 
led;  it  is  suiljible  for  use  as  a  basis  for  disinfectant  powder, 
urge  ([uatitities  are  utilized  in  this  way.  When  the  dust  is  in 
condition  it  will  absorb  anything  up  to  30  per  cent,  of  its 
It  of  pure  carbolic  acid. 

Experience  at  Shoreditch  shows  that,  in  burning  coal  fires 
njunction  with  refuse,  the  full  eflSclency  of  the  coal  ia  not 
led  as  in  an  indeiwmtent  boiler,  the  reason  being  that,  during 
)rocess  of  cliiikering  the  refuse  furnaces,  a  considerable 
nt  of  cold  air  unavoidably  finds  its  way  to  the  boiler-tubei). 
lies,  also,  when  tlicro  is  a  scarcity  of  refuse  and  the  furnaces 
ot  working,  aw,  for  intanco,  on  Sundays,  it  is  impossible  to 
1  a  high  erticieucv  per  pound  of  coal  burned,  owing  to  the 
icticability  of  ]>r('vetitiTig  cold  air  from  tinding  its  way 
gh  the  dea.l  n'fusc  fiiriiafcs  to  the  coal-gratf.  This  draw- 
would  apjiear  tji  lie  "Tie  of  the  necessary  i'viU  of  any  boiler 
gcd  to  be  fired  by  either  coal  or  refuse.  The  trouble,  how- 
could  be  conHidcralily  rcibiccd,  if  not  entirely  eliminated, 
improved  arrangeuu'dt  of  dampers  so  fixed  as  to  cut  off  en- 
all  (>OKsililr  admission  of  i-old  air  from  refuse-fumaco  doors. 
By  increasing  the  :ilv  pn^ssun?  in  the  asli-pit  to  2}  incfaos  it 
md  possible  to  liiirri  li.'j  per  i-ent.  more  rcfuHC  than  with  It 
ire  of  only  1  inch;  ;i  lianlt-r  and  better  class  of  ciiukor  is  ftlao 
iced.  Kvrn  when  (hr  air  pressure  is  raised  to  S  jncheti  there 
onsideraid<-  amount  of  eoniliustible  matter  remaining  in  the 
)r.  In  fact,  from  e.\periiiients  earried  out  nn  a  comparatively 
scale  under  the  anllim-'s  su|>ci-intendence  for  the  Shoreditch 
igh   Council,   it   was   found   that,  when,  ordinary   unsort^Ml 
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refuse  was  placed  in  an  iron  melting  furnace  (or  cupola] 
llic  first  instance  by  a  coke  lire,  the  refuse  contaim^l 
burnable  matter  to  melt  itself  down,  and  that  this  pro 
be  carried  on  continuously  for  some  hours  witlnmt  th 
of  any  other  fuel.  The  residue  was  tapped  in  the  ord 
and  came  away  in  the  form  of  molten  slag  of  a  ntrite  i 
black  in  color.  By  this  means  the  residue  mav  be  reduce 
15  per  cent,  instead  of  25  per  cent,  to  35  per  cent  Th 
he  nm  into  moulds,  and  when  cold  is  of  a  brittle  natui 
WicgiK^r,  of  Berlin,  Germany,  some  time  ago  obtair 
results;  it  was  foimd  in  that  case,  however,  that  a  c« 
addition  of  coal  or  other  fuel  was  necessary  to  smelt 
The  vitreous  residue  from  smelted  refuse,  when  pii 
suitable  for  the  numufacture  of  glass  paper  such  as 
cabinet  inakers. 

DISCUSSION. 

^[ r.  ('luirlcs  Wich'sleecL* — I  have  had  no  experiei 
destructors  exc(»])t  this,  that  in  the  little  town  wli 
Kett(M'in<r,  we  have  recently  had  a  dust  destructor  put 
I  a^  a  member  of  the  community  took  a  great 
ter(»st  in  it.  There  was,  I  may  say,  violent  opposition 
against  this  refuse  destructor  l)eing  put  in  our  midst 
was  thniiiilit  it  would  be  a  source  of  considerable  mii> 
since  I  am  on  my  f(»et  I  nuiy  say  that,  although  the 
|)r(»sent(Ml  to  this  meeting  show  th(»  best  thing  we  ha> 
lo  do  in  Kngland  so  far,  we  are  only  beginners;  we 
art 'at  deal  to  learn.  There  is  no  doubt  that  these  de^ 
a  nuisance,  and  it  is  impossible  to  conduct  them  by 
nuan^  without  their  being  a  nuisance.  In  the  tirs 
refuse  is  a  l(»t  of  filthy  muck  and  cannot  be  concent 
j)lae(^  without  some  sort  of  olmoxious  smell,  an<l,  u 
ainiosplierie  conditions,  a  great  deal  of  smell,  and 
of  du<t,  too,  not  (»nly  in  ti])ping  it  into  the  hop])ers. 
dejilini:-  witli  the  (diid^ers,  which  are  full  of  dnst.  The 
ti-liiuoiipMv-  and  slaughter-houses  takes  a  great  deal 
riiey  cannot  burn  it  with  the  other  stuff.  Thev  li 
it  at  niiilit.  It  must  not  oidy  burn,  but  bake,  «ir  the 
be  <»tren.-ive.     The  people  in  the  immediate  neighb*H 

*  Mt^mbcr  of  the  lustiiution  of  Meohanical  Enginee 
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tors  I  went  to  see  all  toH  me  that  they  could  not  keep 
indowa  open  at  night  when  the  wind  was  blowing  from  the 
tor. 

ourse,  in  a  little  country  like  England,  with  a  populatiou 
half  what  you  have  in  this  country,  these  questions 
ly  arise  sooner  than  they  do  here.  They  arise  in  their 
;y.  I  believe  in  the  principle  of  destroying  refuse  by  burn- 
but  we  have  a  great  deal  yet  to  learn,  and  you  must 
ike  these  refuse  destructors  as  the  best  we  have  so  far 
ble  to  put  forth.  AVe  hope  to  do  a  great  deal  better 
V  in  the  way  of  burning,  but  in  the  way  of  abating  the  dnst 
e,  which  now  we  cannot  prevent,  and  also  to  niuku  thi; 
?9S  objectional>le  one  to  the  men  who  have  to  work  at  it. 
felt  so  dirty  in  uiy  life  as  I  did  when  I  went  arouud  t\\o.*o 
works  and  saw  tlio  poor  fellows  shoveling  in  the  pilea  of 
lud  perpetually  poking  t]ic  tii-os,  which  ia  neccBsary  because 
rd  <)f  tlie  refuse  formed  into  clinkers. 

)e  tliis  problem  will  not  be  too  much  for  the  rcsourecs  of 
lerieau  engineers,  and  I  hope,  ton,  that  some  day  not 
,r  distant,  when  we  come  again  to  visit  Chicago,  we  shall 
to  present  to  you  a  far  l)etter  scheme  or  plan  for  a  rcfllBC 
er  tlian  anything  we  have  yet  presented. 
Leu-is  A.  S mil rt. *~On  page  !t!l7  the  author  states  that 
lie  presses  "  luid  been  in  use  for  some  time,  particularly 
rpoid  and  liootle,  but  at  present  the  only  machine  of  the 
use,  in  or  ni^ir  l.nudon,  wiis  lUiit  belonging  to  the  Homsey 

Qiieens  KM-iiir.Tiug  Works,  ,.f  Water  Lane,  Lewis,  make 
dty  i.f  siie-Ii  pliiiits  iiud  have  several  at  work  In  the  neigh- 
1  of  Liindoii.  The  uudiriioteil  partieulars  regarding  one 
■  plants  which  has  been  erected  for  about  two  yeara  for  the 
ieh  Corpovalicn  juay  in  wlmlr,  or  in  part,  be  of  interest 
bers. 

I'linker  fnuu  tlie  destrucini-s  is  lii'livered  into  a  yard  where 
lowed  to  e<»il.  Wlien  i-uld,  it  is  grouml  in  a  0-foot  per- 
l)an  mill  nf  tlie  e<ly:r  rnnuer  type.  The  ground  material 
ill  goes  throngli  i-iuidi  mesh  is  then  fed  into  a  mcaMiring 
e  where  eenieut  hilmiil  >()  per  cent.l  ic  added.  'I'he  two 
I'uts  fiiU  into  ii  diftVrtTiliai  mixer  where  the  water  is  iidiled. 
her  mixing  and  jiriiidinK  i'^  dune  by  a  "-foot  Wilid  li"lliirii. 


'Member of  tlii'  lusUiiiiluii  -il  Mfi-LaaiiMil  Bagluwc 


l)ri(*ks  wliicli  have  a  cnisliing  t?traiii  about  t 
stork  bricks,  and  aro  being  produced  at  15s.  t^ 

With   repird   to   the   brickmaking   plant, 
niachinerv  is  used.     Instead,   however,  of  i 
7  ])er  c(»nt.   of  lime  is  necessary.     The  7-fi 
material   into   a  ^o.    1    '*  Hercules "   brickn 
macliine. 

Tliis  macliine  moulds,  presses  and  autoni 
bricks  rea<ly  for  stacking  on  ]>latforni  wap 
M'aii'on  h(dds  about  SOO  bricks,  and  the  wa^ 
])liic('d  in  cvlimlrical  hardening  chambers,  ' 
jccted  to  steam  pressure  at  100  to  120  pound: 
eiiiht  to  ten  hours,  after  which  thev  are  reac 
about  \'2  hours  from  leaving  the  destructor. 

The  machinerv  for  both  the  foregoing  pli 
driven,  and  otherwise  of  a  thoroughly  u] 
desiiiu.  The  AVoolwich  Council  are  using  1 
of  tlieir  l)uil(lings,  and,  as  already  stated,  t 
mnrc  than  doubh^  the  crushing  strain  of  oi 
l)i'icks. 

Mr.  (I.  /.\  Pinu'll.'^ — T  had  not  intended  1 
ii.'jii'ks  made  by  Mr.  Charles  Wicksteed  hav< 
^omrlhinu'  <>n  th(»  subject.  From  wliat  ^ 
fciir  acnrlemen  in  America  who  are  not 
sui)i<'ct  will  imau'ine  that  the  destruction  oi 
liji!^  been  a  fnilurc  in  England.     T  diflFer  fro 
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acniaiutotl,  that  is  thn  invention  with  which  Mr.  Walsou, 
Lnr  of  tlio  first  paper,  is  connected.  It  was  my  duty  to  iiittki' 
itions  of  this  destrnctor,  and  I  found  as  a  result  that  it  U 
i  to  burn  very  preon  refnae  without  the  sliglitest  per 
;  odor.  In  order  to  make  perfectly  sure  that  thie 
ted  under  the  most  adverse  eircumstances  there  is  sup- 
very  large  chamber  lined  with  a  refractory  material, 
■  after  the  furnace  has  been  in  operation,  this  chamber  ia 
t  up  to  a  white  heat,  and  as  there  is  provision  made  for  an 
Hpply  of  air,  perfect  combustion  is  secured.  I  umy  also  say 
this  combustion  chamber,  a  few  days  before  I  made  my 
lents.  a  dead  horse  was  put  in  and  was  burned  without 

That  does  away  with  the  ohno.xious  gas  question, 
lext  come  to  tlie  dunt  problem,  which  perhaps  is  more  diffi- 
with.  Theoretically,  of  course,  there  is  no  difficulty.  It  is 
zessary  to  reduce  the  velocity  of  the  gastw  and  give  time  for 
It  to  settle.  Any  dust  ia  heavier  than  gases  or  air,  and 
«ted  in  a  proper  settling  chamljer.  The  vortex  chamber 
r  a  short  cut  for  thnt.  I  think  Mr-  Charles  Wicksteed's 
ace  must  have  been  of  rather  an  ancient  date,  or  else  with 
trtunate  class  of  destructor.  At  any  rate,  it  is  negativo 
ny  so  far  as  concerns  the  non-eflFectivenosa  of  cremation, 
timony  I  give  is  positive  testimony.  The  thing  has  been 
ad  it  can  bo  done  again. 

)urse,  destructors  are  like  all  other  engineering  «tructurefl, 
they  should  be  designed  on  good  principles.  In  fact,  tho 
p  needs  to  be  very  much  of  a  scientific  man.  He  has  got  to 
rraitgement  for  tlie  proper  admixture  of  air  to  complete 
tion.  and  various  other  points  which  would  be  too  nuuieroits 
to  here.  In  Anicricji  if  you  want  in  your  townH  u  porftwtly 
sy.stem  flint  will  do  nwjiy  with  disease  to  a  grout  exteut, 
st  have  destrurtiriii  uf  refuse. 

C.  Xewhm  llii^Hvll  *~Mt(-r  rending  Mr.  f'harles  Wick- 
remarks  1  can  inly  assume  ihat  Iiis  experience  of  reftwe 
lors  hits  been  ]»Mrli('uliirly  unfortunate, 
eat  nLunliiT  of  tiif  M'fuw  destructors  in  England  ari^  Bit- 
rnid  dcnsi-ly  po|Hiliiti'd  districtti.  and  if  considered  or  proved 
nuisance  would  iin|  be  ullowed  by  the  authorities  to  con- 
■orkiiig, 

•  Ai'tUor\d.*iir..,  mirlcriUe  Hul-w. 
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of  212  degrees  Fahr.,  to  a  pressure  of  200  jXHinils  with  r 
fuel/'  Kecently  at  Chicago  the  same  author  explained  \ 
same  arrangement  of  destructor  cells  and  boilers  was  in< 
he  also  ol)S(»rved  that  the  earlier  figures  did  not  represent 
I'esults  which  were  approximately  only  half  as  good  as  tl 
viously  (pioted  as  being  reliable.  The  writer  was  in 
agreement  with  ^Ir.  Russell  when  he  stated  "  that  coal 
should  never  be  allowed  inside  a  destructor  works."  Seve 
^ince  this  opinion  was  held  and  clearly  expressed  by  nii 
nepers.  The  arrangement  of  cells  and  boilers,  which  Mi 
eulogized  in  18J)0  and  condemned  in  Chicago  in  ItXU, 
involved  the  use  of  coal  or  coke  in  the  destructor-hoii> 
onlv  in  this  wav  that  the  boilers  which  were  arraiiced 
])lementarv  coal  firing  could  be  so  utiliz(»d.  In  the  pape 
he  also  clearlv  statcnl  as  a  conclusion  that:  "Domestic 
London  has  an  average  calorific  value  equal  to  0.1^0 
wjiter  ])er  ])(mnd  of  refuse  burnt."  Xow,  in  the  pres 
tliis  tigure  was  ])ractically  divided  by  two,  an  average  re 
given  of  ()..")  pound  of  water  j)er  pound  of  refuse  destm 

At  Chicago  ilr.  Russell  further  observed  that:  "A 
ful  destructors  have  furnaces  oj)erating  on  practically 
])riiici])le,  the  only  difference  being  in  details  .  . 
results  nro  being  obtained  from  the  different  destructo 
l)y  (lirt(  rout  makers,  each  claiming  superiority."  Xow, 
no  evidence  of  any  kind  submitted  in  the  paper  to  sii 
slatcnient,  and  it  must  be  clear  to  all  that  had  Air.  F 
derived  liis  experience  from  one  destructor  inst.allatioi 
would  not  have  thus  written.  There  was  a  verv  wide 
in  tlie  ])rinciples  of  design  and  arrangement  of  the  varii 
(l«'slrnctors :  all  uuikers  ])rofessed  to  aim  at  and  seen 
good  results,  but  ])rofession  was  not  necessarily  prac 
striking  difference  in  design  alone  would  not  permit  o 
-ults  IxMiig  obtained  all  round.  Efiicient  combustion  wa 
l>y  certain  cardinal  principh^s,  which  would  not  be  quesi 
olxerve  such  ])rincij>les  was  to  command  success;  on 
hand,  to  ignore  such  princi])les  involvc^d  ineflicient  wot 

Altliougli  the  author  spoke  hopefully  of  clinker  iiti 
altogetlier  f'aile(l  to  convey  the  extraordinary  progress 
Ix'en  tna(l<'.  Thev  were  told,  for  instance,  that  onlv  c 
Hag  plant  was  iu  ojXM'ation  ^*  in  or  near  London  ";  this 
reel.     As  a  matter  of  fact,  such  plants  were  in  operal 
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metropolitan  boroughs :  Woolwicli,  Bermondsey,  Ful- 
Battersea,  and  on  the  outskirts  at  both  Ealing  anil  Wni- 
,  in  addition  to  liornsfy,  which  aingk-  installation  was 
to  by  ilr.  liussell.    The  metropolitan  boroughs  of  Wwl- 

Fulham  also  had  conaplctp  brick-uiaking  plant  in  daily 
.  In  the  provinces  clinker  flag  plant*  had  been  adopted 
llowing  ninnicipalities :  Liverpool,  Leicester,  Cheltenhani, 
am,  Bootle,  Sheffield,  Eradfoni,  Bristol,  Oldham,  Black- 
tliington,  etc. 
ussell  touched  but  lightly  upon  the  economic  aspect  of 

electricity  and  destructor  works;  some  would  any  tliat 
*  no  economic  aspect,  hut  whether  or  not,  the  eleetrical 
often  sought  to  obtain  the  available  power  gratis,  or  at 
w  figure.  In  the  combined  works  one  might  as  a  rulo 
lie  niinimuui  cartage  cost  of  the  refuse ;  the  citizen  there- 
fitteii  in  this  direction,  us  also  by  reason  of  the  fact  that 
tion  was  accelenited.  The  citizen  should  benefit  by  the 
n  of  power,  but  iiiituralty  this  was  entirely  governed  by 
ncy  of  tjie  destructor  us  a  power  producer  and  the  priee 
agreed  u|ioii  for  llie  jMiwer.  As  he  had  already  obscrvtHi, 
ell  stated  tliat  all  destructors  were  practically  alike  and 
I'ffieiency;  this  iieing  so,  then  perhaps  the  author  would 
lein  why  such  varying  results  in  ]K)wer  production  were 
with  destnii'tiirs  <'(i(ribini'd  with  electricity  works  in  T^n- 
lal  there  wns  :i  vi-rv  remarkable  difference  wa»  clearly 
iLc  f..H..wintrT;iM.>: 

M-'IfimdUl^iii  H-pn>ui:li'  B>i«fil  of  Trodc  Villi*  jtmirirtird 

tell ao 

1 26. W 

>- M.:9 
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A.    :  .\viTji|;i   liiroii,' jcu.  Eood  dHf  load. 
I).  -  llgliilug  louJ  only. 

figures  by  iin  meau*  represeulcd  the  best  result*  yet  ob- 
clcctrical  c)ut]nil  per  ton  of  refuse  destroyed.  At  C'leck- 
■itli  an  aveniiii'  <if  I'J  tnns  nf  refuse  daily  and  a  traction 
electrieul  init|iiit  nf  civcr  70  units  per  ton  of  refuse  do- 
■aa  frequently  i.liiijiiici];  nor  was  this  a  solitary  example. 
stead  couiliineil  ili'strndnr  and  electricity  works  of  the 
itan  Borough  of  Woolwii-h,  during  a  24-houra'  te»l  con- 
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of  212  degrees  Fahr.,  to  a  pressure  of  200  pounds  with  refuse  as 
fuel."  Eecently  at  Chicago  the  same  author  explained  that  this 
same  arrangement  of  destructor  cells  and  boilers  was  ineflScient; 
he  also  observed  that  the  earlier  figures  did  not  represent  average 
results  which  were  approximately  only  half  as  good  as  those  pre- 
viously quoted  as  being  reliable.  The  writer  was  in  complete 
agreement  with  Mr.  Eussell  when  he  stated  "  that  coal  or  coke 
should  never  be  allowed  inside  a  destructor  works."  Several  years 
since  this  opinion  was  held  and  clearly  expressed  by  many  engi- 
neers. The  arrangement  of  cells  and  boilers,  which  Mr.  Russell 
eulogized  in  1899  and  condemned  in  Chicago  in  1904,  however 
involved  the  use  of  coal  or  coke  in  the  destructor-house;  it  was 
only  in  this  way  that  the  boilers  which  were  arranged  for  sup- 
plementary coal  firing  could  be  so  utilized.  In  the  paper  of  1899 
he  also  clearly  stated  as  a  conclusion  that :  "  Domestic  refuse  in 
London  has  an  average  calorific  value  equal  to  0.99  pound  of 
water  per  pound  of  refuse  burnt."  Now,  in  the  present  paper 
this  figure  was  practically  divided  by  two,  an  average  result  being 
given  of  0.5  pound  of  water  per  pound  of  refuse  destroyed. 

At  Chicago  Mr.  Kussell  further  observed  that :  "  All  success- 
ful destructors  have  furnaces  oj)erating  on  practically  the  same 
principle,  the  only  difference  being  in  details  .  .  .  similar 
results  are  being  obtained  from  the  different  destructors  erected 
by  different  makers,  each  claiming  superiority."  Now,  there  was 
no  evidence  of  any  kind  submitted  in  the  paper  to  support  this 
statement,  and  it  must  be  clear  to  all  that  had  Mr.  Russell  not 
derived  his  experience  from  one  destructor  installation  alone  he 
would  not  have  thus  written.  There  was  a  very  wide  difference 
in  the  principles  of  design  and  arrangement  of  the  various  British 
destructors;  all  makers  professed  to  aim  at  and  secure  equally 
good  results,  but  profession  was  not  necessarily  practice.  The 
striking  difference  in  design  alone  would  not  permit  of  equal  re- 
sults being  obtained  all  round.  Efficient  combustion  was  governed 
by  certain  cardinal  principles,  which  would  not  be  questioned.  To 
observe  such  princi])le8  was  to  command  success;  on  the  other 
hand,  to  ignore  such  principles  involved  inefficient  working. 

Although  the  author  spoke  hopefully  of  clinker  utilization,  he 
altogether  failed  to  convey  the  extraordinary  progress  which  had 
been  made*  They  were  told,  for  instance,  that  only  one  cUnker- 
flag  plant  was  in  operation  "  in  or  near  London  ";  this  was  incor- 
rect.    As  a  matter  of  fact,  such  plants  were  in  operation  for  the 
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^oUoffing  metropolitan  boroughs :  Woolwich,  Bermondsey,  Ful- 
*»«.»n  ninl  Battersea,  and  on  the  outskirts  at  both  Ealing  and  Wal- 
*^l>mii!-l(nv,  in  addition  to  Horiiscy,  which  single  iMBtallation  was 
*~«^f<?rr£d  111  hy  Mr.  Russell.  The  metropolitan  boroughs  of  Wool- 
"*vich  anil  Fiilham  also  had  oornjdi'tc  briek-mnking  plant  in  daily 
^^^•^■ratioii.  In  the  provinces  fliiikiT  flag  plants  had  been  adopted 
*^y  the  following  municipalities :  Liverpool,  I^ieester,  Cheltenham, 
Birmingham,  Bootle,  Sheffield,  Bradford,  Bristol,  Oldham,  Black- 
■■irn,  Withington,  etc, 

•  Mr.  Husst'll  touched  but  lightly  upon  the  eeonomic  aspeid  of 
^Onxbim-d  electricity  and  destructor  works;  some  would  say  that 
"iepp  WHS  iin  economic  aspect,  but  whether  or  not,  the  elet-trioal 
^•^li^incnr  nflcn  sought  to  obtain  the  available  power  gratis,  or  at 

*  v«Ty  low  figure.     In  the  combined  works  one  might  as  n  rule 

**>ol(  for  (he  minimum  cartage  cost  of  the  refuse ;  the  citizen  there- 

**^r<-'  lientfittcd  in  this  direction,  as  also  by  reason  of  the  fact  that 

'■«»e  {io!lc(lii>n  was  accelerated.     The  citizen  should  benefit  by  the 

t**'«^iLciiini  of  power,  but  naturally  this  was  entirely  governed  by 

*"io  fftieienfy  of  the  destructor  as  a  power  producer  and  the  price 

****>tuaily  agreed  u|»on  for  tlie  power.    As  he  had  already  oliHerved, 

*4r,  lfm«sell  stated  that  all  destructors  were  practically  alike  and 

^*\«al  in  efficiency;  this  being  so,  then  jwrhapa  the  author  would 

**iform  tlnni  why  such  varying  results  in  [wwer  production  were 

*tM'»rdrd  with  destructors  ctntibined  with  electricity  works  in  T^n- 

<l'>n';     Tliiil  there  whs  a  very  reiiiurkablc  difference  wan  clearly 
«b"W.i  in  ilic  following  T.il.h': 

„,,„ ,„„  I,  .„,„,,„  Ilo«nl  nf  Trad*  tinlu 

A.   Hboreditcl. ao 

a    Fulbiiii 86, «8 

Hackney M,l» 

-     ,{;.■ 


D.    Woolwjch 

A.  =  AveniiR  furoiK  yeir.  Eoodduloiid. 

B.  =         ■'        ■'      ■■ 

C.  =  Non  fonclsnilnK.  aiccUinldayliMd. 

D.  =         -'  llgblliii:  load  0017. 

These  figures  by  no  means  represented  tlie  best  result*  yet  ob-  I 
tained  in  chctrical  niitjint  ['cr  ton  of  refuse  destroyed.  At  fleck-  ' 
beaton,  with  an  average  of  12  tons  of  refuse  daily  and  a  traction 
load,  an  electrical  output  of  over  70  units  per  ton  of  refuse  d&- 
Btroyed  was  frequently  obtained;  nor  was  this  a  solitary  exHinpto, 
At  Plumstead  combined  destructor  and  electricity  works  of  the 
Metropolitan  Borough  of  Woolwich,  during  a  24«li0Ur»'  tCit  con- 
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(liK'tcd  l>y  (lie  Xjiti(nial  l>niltT  Insiiranco  Co.,  an  «>ntj»ii 
proxiiiuitcly  100  units  jht  ton  of  r(*fus(*  (IcstrovfMl  \vn«;  olii 
the  ]>cak.  "J'his  uiii(iiu»  ivsiilt  was  clearly  set  fi»rth  in  tli 
|)anyiiiir  diafrnuii  (si»(*  Fi^.  4nO). 

Mr.  (\  Xrwfini  liussell  wrote,  in  replv  to  ilr.  (nVKlrif 
iniiiiicatioii,  tliat  there  were  a  few  |K.»ints  in  the  eritifi-ii 
for  ii<»tico  an«l  (*xj>laiiation.  With  refenMiee  to  the  (hist  < 
ncarlv  all  the  ineonvciiieiiet*  was  eans(»(l  bv  the  h(>t  t'h'nki* 
had  lo  ho  ti])jKMl  ill  an  o])en  yard  and  whieh  hiy  thm- u; 
hof'oro  it  couhl  he  reniov(*d.  With  even  a  light  wind,  i 
wa>  liable  tu  be  blown  about,  and  to  become  a  nuisancr,  a 
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Fig.  480. 

pcrlinp^  not  dojn^  any  aetnal  damage.  Tho  inoonvomcTi 
1>\  dii-t  in  tho  destructor  house  was  insigiiiiieant  c(»iu\» 
th:it  f'mni  the  oj)en  yards  coniniou  to  all  refuse  destni 
Itv  iln'  authoi*. 

Ihr  author  agreed  with  ^[r.  Goodrich  that  it  was  p<>5 
;i  purrly  cniiinoei'iniir  ]><>iut  of  view  to  so  design  work: 
\v..uld  l»o  entirely  j)revent<Ml  from  reaching  the  enirhu' 
■ill  inci'cji-ed  <'o<t  of  so  (hung  would  be,  however,  not 
":iM;i,\,  r<u-  it  niu<t  he  reniemlxM'ed  that  this  ])aper  de; 
tiu'i.us  fnr  large  cities  wher(»  the  denmnd  for  eh^etri* 
iM.wrr  w.i-  so  nreat  that  tlie  j)ro])(U*tion  of  sti»aiu-i>owei 
I 'I-  ivnonite*!  fnun  the  destructor  furnaces  was  perhai 
t\vrnfi<'th  part  of  the  total  re(|uired.     Mr.  Goodrich  ha 
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rIiI  of  tlm  difFert^iice  in  reveimc  earning  caj)acities  nf  ma\- 
electric  gcnerntinfj:  stations  and  destructor  plants;  in  many 
it  woiilii  |)ay  ooniinerfially  to  jmt  down  the  former  plants, 

it  would  (owing  to  the  high  jH-ico  of  land)  be  niinons  from 
iiess  point  of  view  to  install  a  refuse  destmetor  simply  to 
istrate  that  it  rould  be  done.  The  value  of  land  in  Shore- 
was  sueh  that  the  interest  and  repayment  of  capital  repro- 
.  an  annual  eliarge  equal  to  one  sliilling  ])vv  ton  of  refuse 
yed,  or,  in  other  words,  suffifiont  to  purchase  the  freehold 
J  in  the  outskirts  of  noine  towns  in  three  or  four  years.  The 
■  ninintainrd,  moreover,  that  what  energy  it  was  possible  to 
ite  In-  a  deslnirtor  situated  away  from  the  center  of  a  town 
easily  he  transfiinticd  into  eleetrieal  energy  by  mt>nn»  of  A 
plant  and  fed  into  the  nearest  supply  maipis  witli  the  addi- 

ailvautafie  of  boosting  uj)  the  electric  pressure  at  a  point 

in  all  probability  it  would  be  badly  want(>ii, 
h  regard  to  ihe  different  results  obtained  at  various  destrnc- 
et  forth  in  a  talde  given  by  Mr,  (loodrieli,  the  author  was 
o  have  ihe  opjiortuiiity  nf  explaining  them,  as  the  figrirCB 
y]  a  differenee  of  eflicieney  of  more  than  TOO  i>er  i-ent.,  and 
<y  inferred  that  the  same  difference  of  effieiency  existed  he- 
different  designs  of  destructor  plants,  which  was  not  a  fact. 
igures  as  si't  out  liy  Mr.  (londrich  were  on  a  wrong  ba^tis, 
iicli  as  the  et)iei<'iicy  of  steam-gcnernting  plant  had  not  been* 
The  figures  were,  ihen-fnrc,  misleading:  for  instancu,  the 

generating  plant  iil  Shorcditch  consisted  of  n  number  of 
geuerating  >cts  .■uiiiie.'tr.l  to  very  long  rtfeaiu  ranges  and 
ui-i-oudcusiTig.     'I'his  pliuil,  installed  in  IHH",  wac  now  prac- 

obsoleie  so  far  ;is  I'llii-leucy  was  coneerned,  and  used  about 
iinds  of  stciiiM  jif   1,-iist  prr  unit-  generated.      Mr.   Goodrich 

red  this  iiiid   the  alternating  generating   plant  at   FuUiam 
two  ijuile   new  >tatiniis  where   the  steain  plant  was  more 
ig,  and  wliere.  at  least  in  the  cane  of  Haclc- 
iiir  eunid  be  |iroilueed  with  ail  expenditure 
st.';llM. 

Mr.  (ioodricli's  table,  when  put  on  a  proper 
Willi  l<i  prove  the  author's  contention  that 

■ietH'ies    nf   desfructors    WHS    Hot    HO   gTcat   SB 

iike  oui.  The  author  did  not  hold  any  briei 
kers.  iinr  di<l  h(-  wish  to  hold  up  the  Shore- 
paraguii  by  jiuy  meaufi;  moreover,  ho  was 
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(initc  ready  to  concede  that  the  destructors  with  which 
rich  had  had  experience  were  perhaps  the  most  efficii 
>tr()ngly  ()l)ject(Ml  to  efficiencies  of  jdants  bein^  coiniiar 
of  units  iicnerated,  nnU'ss  the  full  storv  was  told,  aiul 
of  pounds  of  .steam  it  took  to  generate  a  unit  of  elet 
uivcn  in  a  paraHel  column  for  each  case  cited. 

With  this  explanation,  the  author  felt  sure  that  Mi 
won  Id  a^ree  with  Inm  that  the  figures  given,  that  is 
were  of  little  value  for  comparative  puri)uses. 
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POWER    PLANT    OF  TALL    OFFICE  BUILDINOS. 

(MembsT  d(  Ibe  Boclelf.} 

New  York  City  may  be  considered  as  being  legitimately  the 
of  the  tall  otBce  building,  since  the  restricted  area  of  its 
IBB  center  baa  by  nature  been  limited  in  all  directions  but 
tid  affords  a  real  jastificatian  for  the  increase  of  its  area  by 
il  extension. 

tforeover,  the  character  of  the  material  forming  a  founda- 
ir  its  extremely  tali  structures  is  admirably  adapted  to  the 
tion  of  these  extraordinary  heights,  and  tends  to  make  the 
m  of  their  support  comparatively  simple.  With  the  ex- 
n  of  the  bed  of  glacial  sand  laying  bet^veen  the  two  ridgea 
rock  of  lower  Manliattan,  which  in  itself  baa  formed  a  not 
rable  support  of  a  permanent  character,  the  footings  of  tall 
ags  are  carried  on  solid  rock,  in  places  being  extended  by 
IS  tlirough  the  bed  of  glacial  debris. 

secured  thus  by  nature  from  doubt  as  to  the  permanenay 
ir  support,  the  limitations  of  height  become  only  those  iin- 
by  practical  considerations  above  ground,  and  the  present 
;e  has  settled  down  to  a  general  adoption  of  a  height  afford- 
ace  for  10  to  20  stories,  the  extreme  presented  by  tho  l*ark 
27)  and  the  St.  Paul  (25)  not  having  justified  a  general  imi- 

[n  point  of  fact,  the  limitation  of  height  haa  come  about  {a 
iral  manner  by  realization  of  the  disadvantagea  of  tho  re- 
esa  of  eueh  lofty  floors  from  tho  atreet,  and  tlie  cxcenaiTe 
sc  of  maintaining  a  suitable  elevator  travel  aehedule  on  ftuclt 
•una,  tlie  burden  of  wliich  excess  is  to  be  charged  to  the 

iBCDled  at  tbe  CLIOHt^'i  ciecliiig  (Mny  uiid  -lunn.  IIHM)  o(  tho  AmdctoM 
lA   Meolianical   EngintierH,   ftod  forming  part  ot  Voluma  XXV,  ot  Vm 
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THE  POWEE  PL4NT  OF  TALL  OFPIOE  BDItDINGS.  1013 

floors,  and  the  returns  from  which  are  o'ften  insufficient  to 
:he  expense  commercially  Buccessful. 

?lie  provision  of  express  elevators,  making  stops  only  above 
ain  level,  is  found  necessary  in  buildings  exceeding  16 
,  and  in  some  of  that  height  also,  and  is  iisunlly  made  to 
from  the  ninth  or  tenth  level,  or,  roughly  speaking,  the 
half  of  such  structures.  The  addition  of  floors  in  exce^  of 
)uld  render  it  necessary  to  raise  the  level  of  the  express 
,nd  would  place  certain  of  the  intermediate  doors, at  a  die- 
age.  The  addition  of  more  elevators  is  thus  the  only  proper 
ion  for  such  added  floors,  and  the  burden  of  their  mainte- 
together  with  the  increase  of  travel  of  the  whole  of  the 
f  the  bank  of  machines,  falls  upon  the  added  floors,  which 
ecome  of  an  increasingly  expensive  character, 
n  some  buildings,  such  as  the  Empire  (20)  and  St.  Paul 
certain  of  the  elevators  are  operated  as  locals,  operating 
)  a  certain  floor.  Owing,  however,  to  lack  of  foresight  and 
on  for  this  arrangement,  these  machines  have  been  con- 
d  the  full  height  of  the  building,  occupying  space  uselessly, 
ving  the  travel  of  pistons  in  their  cylinders  limited  to  the 
Portions,  and  of  their  ropes  to  a  part  of  their  length.  Suiili 
Lea,  even  if  eventually  their  travel  should  be  extended, 
probably  require  reboring  of  cylinders. 
!'he  proportioning  of  the  number  and  travel  of  elevators  to 
ea,  character,  and  height  of  these  buildings  has,  so  far, 
ded  in  a  very  haphazard  manner,  mostly  by  mere  imitation 
2ra,  and  often  without  any  allowance  for  increase  of  stories, 
tempU  have  been  made  by  architects  responsible  for  these 
srs  to  mitigate  the  disadvantages  thus  impoac>d  on  the  build- 
ay  increasing  the  floor  area  of  the  cars,  and  by  increasing 
eeds  of  the  machines.  Both  are  subject  to  jiracUcal  Umita- 
niere  increase  of  :irea  of  cars  being  the  cau-^c  of  delay  iii 
ng  the  passengers,  iuid  the  speed  of  travel  b-.'ing  practically 
1  to  GOO  feet  per  minute  for  -stopping  or  Wiiy  cars,  and  to 
et  for  express  earn,  beyond  which  speeds  more  time  is  lost 
lined  by  over-running  the  landings. 

U  an  article  on  this  subject  (Cassier's  Magazine,  volume 
o.  3,  January,  1002)  !he  autlior  dealt  more  fuUy  with  thia 
ii,  and  pointed  out  that  a  basis  for  the  due  proportioning 
'ator  service  may  he  found  in  the  provision  of  an  elevator 
area  of  1,000  square  feet  of  rented  space  repeated  oa  16 
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floors.  For  lioiglits  exceeding  10,  tlie  basis  of  pnlnil 
be  the  above,  plus  a  provision  for  an  average  nxm-iU 
tunities  of  access  to  cars  at  the  average  or  mediui 
floors.  Special  conditions  exist  in  certain  buildings 
increase  travel  at  certain  periods,  and  these  are  of  coi 
to  ascertain  in  advance  of  occupancy.  As  an  exaiii] 
mentioned  the  German-American  building,  15  floorSj 
teenth  floor  of  which  is  a  largely  attended  law-school,  i 
in  which  emerge  and  arrive  at  stated  hours,  and  throw 
of  several  hundred  impatient  travellers  upon  the  car  sc 

9.  The  maintenance  of  a  satisfactory  service,  and 
nomical  operation  is  more  dependent  upon  the  persoi 
than  is  commonly  supposed.  Passengers'  habits  have  r 
In  Xew  York,  the  general  travelling  public  has  lear 
use  of  the  signal  system,  to  step  promptly  in  and  out  ( 
to  announce  their  destination  well  in  advance  of  arr 
which  contribute  much  to  the  regularity  and  economy 
operation. 

10.  The   importance   of  satisfactory  signal  systen 
floors  and  cars,  announcing  the  proximate  arrival  of  Ci 
ing  ])assengers,  and  of  the  presence  of  the  latter  to  the 
has  had  a  more  important  bearing  on  the  economy  o 
than  any  economic  improvement  in  operative  machine 
still  remains  the  uncertain  and  often  unsatisfactory 
the  2)ers()nality  of  the  car  opeartor,  who  is  only  rarelv 
nizant  of  the  bearing  which  his  promptitude,  attention 
avoiding  over-running  of  landings  has  upon  the  cost  o' 
Where  these  employes  have  been  placed,  as  they  shoul 
the  orders  and  directions  of  the  operating  engineer, 
improvements  have  resulted,  particularly  in  the  operal 
trie  elevators,  in  some  of  w^hich  the  controls  are  of  & 
delicate  a  character,  that  operators  get  into  habits  of 
iidu-eting  with  the  little  levers. 

11.  The  electric  elevator  is  liable  to  peculiar  misus 
speet,  and  suifei*s  more  than  the  hydraulic  system  fro 
(»f  over  run  111*  ijg  and  of  useless  stops  and  starts  by  fail 
j)r((i>e  Lnidiiigs.  Partly  by  these  and  partly  by  the 
suitability  of  electric  distribution  of  power  for  this 
electric  elevator  has  during  ten  years  of  use  and  i 
fuilcKl  to  dislodge  the  hydraulic  system  as  the  most 
suitable  method  of  schedule  operation. 
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rhe  peculiar  advantage  of  electric  force  in  the  distribution 
Br  over  long  distances,  does  not,  in  the  caae  of  elevator 
>n,  fill  any  requirement,  since  the  source  and  expenditure 
!r  are  close  together. 

Che  irregularities  in  car  operation,  even  in  schedule  work, 
ere,  and  mthout  the  inclusion  of  storage  of  force,  throw 
strains  upon  operating  machinery,  with  accompnuying  loss 
lomy  duo  to  wide  variations  of  load.  The  following  dia- 
if  varying  loads  on  a  simple  engine  o]>i?rating  direct  on 
e  screw  electric  elevators,  will  illustrate  the  severity  of 
rk.  The  equivalent  of  the  storage  of  the  hydraulic  sys- 
iich  is  effected  by  the  provision  of  an  air-pressure  in  closed 
is,  in  the  electric  system,  required  to  be  the  extraordinary 
i  of  a  storage  battery,  and  there  are  only  a  few  buildings 
ing  electric  elevators  on  schedule  service  of  any  magni- 
at  have  not  found  such  an  expensive  addition  necessary. 
They  are  installed  in  the  Commercial  Cable  building  (21), 
16),  German-American  (15),  Park  Row  (27),  and  other 

^'  .    . 

le  Dun  Building  the  battery  stands  for  a  capital  cost  of 

),  representing  annual  maintenance  and  interest  of  $3,150, 

ivalcnt  of  nearly  20  per  cent  of  the  coal  bill.     In  addition, 

^nccr  is  constantly  employed  solely  to  attend  to  tlio  operat- 

:;hanism  of  tliG  five  elevator  machines,  a  further  burden  of 

per  aunum. 

The  maintenance  of  the  form  of  electric  elevator  known 

Spraguc-Pratt,  or  screw  machine,  and  to  a  certain  degree 

jthor  types  of  drum  machines,  is  expensive,  and  out  of  all 

ion  to  the  cost  of  maintenance  of  an  hydraulic  mechanism. 

inner   have   been   peculiarly   subject   to   wear   and   tear. 

thrust  plates  and  ball-bearings  require  renewal  on  an 
i  e^'cry  eighteen  to  twenty-four  months.  Constant  attea- 
d  repair  is  rcipiired  to  the  numerous  details  of  tho  con* 

mechanism. 

The  work  of  rep:iir  and  rc]il.icemcnt  of  parts  of  clectrio 
rs  affords  profifaMe  eiiiplovment  for  an  entire  works  in 
y,  and  further  nuij-fruvtion  of  the  screw  typo  has  been 
ly  abandoned  by  il^  owners. 

The  apparent  economy  of  operation  of  an  electrical  system 
'  disappears  under  analysis  of  these  conditional,  and  the 

elevator  stands  lo-ilay  an  economic  failure  for  schedule 
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service,  while  in  point  of  simplicity,  safety,  ease  of  mai 
and  control,  the  hydraulic  elevator  has  maintained  its  rej 

18.  It  may  be  freely  admitted,  nevertheless,  that 
cases  where  the  adoption  of  electricty  as  the  motive 
elevator  operation,  is  desirable,  such  as  when  ecouom; 
ctTcctcd   in   oth(^r  directions  by  their  a<loptif)n.     Thus. 
ings  which  can  be  more  economically  operated  by  the 
current  from  the  public  service,  the  reduction  of  the 
may  outweigh  the  additional  cost  of  operation.     In  su 
the  operating  supply  of  a  schedule  elevator  will  cost  fn 
to  $1,500  per  annum.    One  such  car  w^as  run  on  public 
a  bank  of  five,  15  stories,  the  bill  for  current  being 
month. 

10.  Electric  machines  of  the  drum  type  have  now  bee 
to  speeds  as  high  as  GOO  feet,  but  are  in  this  work  usua! 
where  speeds  of  450  feet  suffice.  An  installation  ha 
been  made,  in  the  Arthur  Building  (18),  of  a  flying  i 
electric  elevator,  which  has  had  the  misfortune  to  be  ti 
serious  accident,  due  to  failure  of  its  limit-stop  devi< 
down  run.  The  screw  machine  has  in  one  instance  si 
l)r(»akage  of  its  frame,  due  to  an  unequal  strain  cauj 
pulling  out  of  one  cable  from  an  eyelet.  The  lag  in  sta; 
electric  machine  is  also  a  source  of  latent  danger.  The 
relying  on  this  lag,  do  not  close  doors  before  opening 
ami  this  contributed  to  a  fatal  accident. 

20,  Xcw  Y(jrk  architects  still  generally  adhere  to  1 
tion  of  cars,  narrow^  across  the  entrance  and  often  undt 
])ro|)ortionatoly  deep. 

21.  The  disj)osition  of  cars  also  seems  to  be  a  matt 
\:iriaiion.  In  the  larger  buildings,  wiiere  suttteien 
availabh*,  chiefly  those  of  banks  and  large  companies,  tl 
imnt  in  a  semicircular  form  is  desirable.  Such  are 
iiiever  (10),  American  Trust  (23),  St.  Paul  (25),  th( 
.liiinuc  l>ank  liuihling  (:il),  42  Broadway  (22),  Fig.  4; 
l';irk  U«»\v  i^'27).  Kig.  is.").  In  the  latter,  however,  vi\ 
j 'laced  beyond  the  semicircle  at  each  side,  and  are  thi 
:i'lvantago  as  to  accessibility.  In  others,  such  as  ( 
(';il>Je  ['21).  North  American  Trust  (14),  Queen  (15"^ 
Ilioa«l\vjiv  Chanibers  (is),  Fig.  4S7,  and  Kuhn-Loob  (1 
are  ]»Iae('d  in  a  line  along  a  narrow  corridor  or  hall.  1 
if  the  bank  be  too  long,  or  if,  as  is  the  case  in  several, 
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Fia.  485.— Park  Row  Buildino, 

27  StorieP  Above,  2  Bolow  Street. 
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Elmpire  (20),  Bowling  Green  Offices  (16),  Fig.  4SS,  North  Amer- 
L«3aii  Tnist  (14)  aod  others,  entrance  to  cars  be  placed  between 
f>rojectmg  pilasters.  In  other  buildings  the  cars  are  placed  in  two 
kunks  facing  each  other,  an  arrangement  not  to  bo  commended. 
Of  such  are  the  'American  Surety  (21),  .ToLnslon  (16),  German- 
American  (15),  Fig.  4S!),  and  Hudson  (HI),  Fig.  400. 

A  curious  arrangement  is  that  of  the  Central  Canlc  Building 
06),  Fig,  491,  where  two  cars  are  placed  at  njiht  augh-s  to  three 
others,  and  the  sixth  machine  at  the  end  of  a  long  corridor. 

22.  Before  leaving  the  subject  of  elevators,  the  opportunity 
may  be  taken  of  again  drawing  attention  to  the  danger  which  tlieir 
open  ahaftg  offer  in  case  of  fire.  In  every  instance  of  a  fire  in 
ftese  buildings,  the  smoke  has  promptly  found  access  to  the  eleva- 
toiB  and  rendered  them  useless.  Such  occurrences  took  place  in 
the  Times  Building  (12)  and  World  Building  (14).  The  shafts 
should  be  enclosed  separately  and  the  doors  and  grillage  filled  with 
wire  glass  or  metal.  The  same  consideration  applies  to  the  atair- 
waya. 

23.  The  maintenance  of  elevator  service  during  tlio  business 
hours  being  of  prime  necessity,  and  of  a  very  definite  and  regular 
character,  the  heat  available  in  the  form  of  the  exhaust  stt^am 
from  the  motive  machinery  has  to  be  taken  into  account  in  con- 
nection with  the  warming  of  the  building,  a  matter  which  is  only 
of  a  slightly  lesa  degree  of  importance. 

24.  Other  services,  such  as  electric  lighting,  being  irregular, 
and  house  water,  being  comparatively  small  in  extent,  the  ex- 
haust of  elevator  power  is  the  main  source  of  heat  supply  during 
the  cold  season.  This  exhaust  in  heavy  schedule  sen,'icc  ia  nearly 
always  in  excess  of  heat  requirements  diinng  the  busiuetts  hours, 
except  in  certain  very  economical  buildings,  such  as  the  Bowling 
Green  Offices,  where  the  whole  exhaust  is  utilized  in  the  work  of 
heating. 

25.  The  adoption  of  the  Webster  vacuum  and  Paul  air  auction 
systems,  has,  by  reducing  Imck-pressurc  on  engines  and  pumps, 
reduced  tliis  excess.  Certain  buildingi-  ].nivi.icd  only  with  the 
ordinary  one  and  two-pipe  gravity  systcin-,  require  a  back-pre»- 
ure  in  extreme  wcatlier  of  from  5  to  as  hifjli  !i-i  ir>  poimda  to  effect 
complete  circulation.  The  New  York  Life  Building  (13),  Ameri- 
can Tract  Society  Building  (23),  and  Turk  Itow  (27)  were  all 
benefitted  in  tliis  respect  by  the  addition  of  vacuum  ^ysteuis  to 
their  heating  apparatus. 
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2G.  The  Webster  system  has  been  in  use  in  tlic  Lor«l?  Cf-nrt 
foiKM'  15  inid  iinw  ItO,  I'ig.  402,  Bowling  Ciroen  (10),  HnJ^nD 
(16),  Central  Bank  (17),  and  in  the  German-American  (15).  ii 
which  it  w^as  for  the  first  time  installed  in  a  tall  office  buil'liag 
with  entire  success,  for  periods  of  five  to  eight  years,  circukti:). 
with  a  pressure  not  exceeding  half  a  pound  through  headers  m 
risers  in  some  eases  over  450  feet  in  length.  The  reduction  in  i 
of  pi])in*»:  wliich  can  bc^  effected  by  this  system  is  a  con-iderali 
advantage  in  cost  and  in  the  effective  concealment  of  risers  an- 
branches. 

27.  The  most  desirable  result  with  this  system  is  the  control-: 
temperature  in  the  radiators,  by  which  the  common  complaint  < 
ovor-heating  of  offices  may  be  avoided.  The  ordinary  t\fo-pi] 
griivity  system  requires  the  relative  adjustment  of  two  valves 
r(Mhic(^  heat,  a  nicety  to  which  the  average  tenant  is  not  \rilli: 
to  devote  time. 

2S.  The  one-pipe  gravity  system  practically  involves  full  h 
(»r  noiK'  in  the  radiator,  for  which  reason  its  adoption  has  in  X 
York  office  buildings  not  met  with  much  favor,  except  in 
clu^aper  class  of  speculative  buildings. 

20.  The  overhead  system  of  supply  has  been  adopted  onlyi 
very  few  instances,  such  as  the  Broadway  Chambers  (IS),  cm 
to  tlic^  unwillingness  of  owners  and  architects  to  pronde  a  r 
sj^ace  for  tlic  distribution  of  pipes. 

;>().  Indirect  licating  of  these  buildings  except  in  certain 
cial  s])aces,  such  as  bank  parlors,  has  been  practically  abando 
with  the  exception  of  the  Hanover  Bank  Building  (22). 
recent  building  has  also  installed  refrigerating  apparatus?,  deti 
io  reduce  the  temperature  of  the  air  in  the  corridors  in  \ 
went  her,  and  a  very  large  attempt  in  the  same  direction  is  1 
made  tlii<  summer  in  the  New  York  Stock  Exchange  (8),  \v 
r»'ri'iu('ratin<r  jdant  of  400  tons  rated  capacity.  While  the 
(»f  sneli  ojxrations  does  not  enter  into  account,  compared  ^vit 
eniivciiicnee,  and  while  the  supply  of  exhaust  steam  in 
weather  may  bring  that  cost  within  reasonable  consideratioi 
]»v(.1)hMn  of  water  supply  for  the  purpose  of  condensation  i 
iliat.  will  j)rol)al)ly  prevent  its  present  extension. 

ol.  The  i>resent  pressure  in  the  Wall  Street  district  is  ai 
1)av(  ly  5  ])ouuds  ])er  srpiare  inch,  and  the  extra  draft  impo 
the  larac*  ]>lant  mentioned  will  probably  bring  about  a  wors 
c>f  aiTairs.     The  water  supply  being  thus  defective,  all  i 
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provided  witli  roceivuig  tanks  and  with  pumping  ays- 
lb  the  necessary  pressure  is  raised  for  Jiouse  supply. 
a  commonly  limited  to  a  few  thousand  gallons,  so 
of  water  supply  becomes  a  very  serioua  matter  in 
1  district  in  a  very  short  time. 

ater  for  house  and  fire  services  is  either  raised  to 
is  put  under  equal  or  higher  pressure  on  stand  pipes 
n  the  lower  part  of  the  building.  The  divided  press- 
istalled  by  the  author  in  a  number  of  buildings,  re- 
lunt  of  pumping  required,  and  has  operated  continu- 
jfactorily  for  nearly  ten  years, 

all  well-equipped  buildings  now  utilize  filters  upon 
ipply,  with  beneficial  effect  on  fixtures  and  feed,  by 
n  of  sand  and  mud.  The  feed  system  ia  in  summor 
feed  from  outside  supply,  the  entire  exhaust  being 
■t  in  those  eases  where  an  open  heater  is  used,  by 
20  per  cent,  of  the  feed  water  is  returned  as  con- 
;t. 

tor,  the  feed  is  mainly  composed  of  condensation 
irns  of  tlie  heating  system  with  a  make-up  by  cold 
in  the  autJior's  practice  is  heated  by  passage  through 
■ip-drum,  where  all  oily  and  blow-off  wastes  are  col- 
oled  previous  to  discbarge  to  tlie  sewer.  Such  dis- 
usually  all  drainage  of  sub-basemen ty  or  cellars,  re- 
York  to  be  lifted  to  the  sewer  levfls  by  pumps  or 


escnce  of  surface  water  in  the  rock  seams  and  in  the 
uch  floors  renders  necessary  spechil  proviaion  for 
;,  especijiUy  around  tlic  nsli-pits  of  the  boilers.  One 
dace  tlie  boilers  in  a  steel  plate  pan  extending  below 
ootiiig.s.  Anollior  i^  to  sink  a  sump  pit  or  pita  at 
s,  and  lay  courses  nf  hollow  tile  drains  to  the  pits 
10  water  is  imnqKil. 

l)nn  BiiihliTig  (,!.'))  the  author  found  a  sufficient 
tify  siukiiig  a  tube  well  30  feet  deop  below  cellar 
a  pump  discharges  the  supply,  which  is  fairly  clear 
y  impure  siirfiu'e  water,  over  the  coils  of  the  re- 
ant,  tbi'tico  to  the  eleventh  floor  to  a  tank.     From 

air  supply  i>f  an  Adams  sewage  lift  is  compressed, 
sewage  of  tlic  kitchen,  of  the  restaurant  as  well  u 
asemcnt  tuihts,  is  lificd  to  the  aewer.     Tbe  water, 
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Fig.  488.— Bowling  (iRKKN  Offices. 
Iti  Storlen  Above,  2  Below  Street. 


THE   POWER   PLANT   OF    TALL   OFFICE   BL'ILDINQS.  1027 


J 


1028  THE  POWER  PLANT  OP  TALL  OPPIGE  BUILDINOS. 

after  compressing  tlie  air,  descends  to  another  tank  on  the  fourth 
level,  whence  it  supplies  the  flushes  of  the  fixtures  below,  and  is 
thus  used  three  times  over,  reducing  the  water  bill  of  the  building 
by  $1,100  per  annum. 

37.  The  sanitary  systems  of  New  York  tall  office  buildings  are 
installed  under  the  very  excellent  regulations  of  the  Department 
of  Buildings,  and  are  under  the  inspection  of  their  officials.  The 
rules,  however,  have  not  altogether  advanced  with  the  progress  of 
this  class  of  building  and  require  some  amendment  to  meet  the 
conditions  of  such  extended  structures. 

38.  The  provisions  as  to  proportions  of  vent  pipes  are  based  on 
the  number  of  floors,  ignoring  the  number  of  fixtures,  so  that 
one  vent  line  may  be  serving,  say,  14  fixtures  vertically  superim- 
posed, while  its  neighbor  of  same  proportions  may  have  to  serve 
the  same  number  plus  a  complete  basement  toilet  with  20  or  30 
fixtures.  Extremely  tall  vertical  stacks  of  soil  lines  are  permitted 
without  regard  to  what  will  occur  should  a  stoppage  take  place. 
They  should  be  divided  into  sets  not  exceeding  80  feet  drop.  The 
use  of  the  Kenney  flushometer  has  widely  extended  since  its  first 
adoption  in  the  Bowling  Green  Offices  (16).  The  Department  re- 
quires a  sub-division  of  water  pressure  upon  these  appliances, 
which  is  easily  arranged  by  separate  tanks  at  intervals  of  4  to  8 
floors. 

39.  W.  C.  fixtures  are  now  universally  of  the  syphon  discharge 
pattern.  Urinals  are  no  longer  permitted  to  have  automatic 
flushes,  although  the  regulation  has  not  been  made  retroactive, 
and  many  older  buildings  still  continue  to  waste  city  water  by 
these  appliances.  All  piping  is  carried  out  in  screwed  galvanized 
work  with  extra  heavy  galvanized  fittings. 

40.  The  proportion  and  location  of  toilets  is  a  matter  of  wide 
variation  in  practice.  Some  architects  have  favored  the  central 
toilet-room  situated  in  a  middle  floor  and  placed  in  charge  of  a 
regular  attendant.  This,  as  in  the  case  of  the  Lords  Court,  Fig. 
4t)2,  and  Bowling  (Jreen  Offices,  Fig.  488,  adds  considerably  to  the 
local  elevator  travel,  and  the  same  attendance  applied  to  independ- 
ent toilet  rooms  on  each  floor,  can  maintain  them  in  equally  good 
condition.  The  practice  seems  to  have  settled  down  to  the  latter 
arrangement. 

41.  As  to  the  number  of  fixtures  pro\'ided,  the  variation  is 
equally  wide,  and  evidently  more  a  matter  of  guesswork  or  imi- 
tation than  of  any  attempt  at  methodical  proportion.     This  will 
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>!;  continue  so  to  be,  so  long  ae  most  aicbitects  consider  the 
■y  work  of  such  buildings  as  a  matter  with  which  they  are 
3ftlly  capable  of  dealing.  The  majority  of  such  installations 
16  buildings  have  been  deagned  by  plumbing  contractors  for 
^hitects. 

The  installation  of  restaurants  in  these  buildings  is  com- 
md  the  introduction  of  their  cooking  appliances  adds  to  the 
consmnption  quite  considerably,  and  also  presenta  problems 
prevention  of  the  amell  of  cooking,  etc.,  exU^nding  into  the 
ig.  In  the  German-American  Building  (15),  Broadway 
bers  (18),  and  Dun  Building  (15),  Figs.  4S;2  and  4!l.'!,  the 
n  is  vented  by  a  fun  drawing  from  over  the  rangi'  and  dis- 
ng  u]>  a  vent  shaft,  in  the  latter  eases  around  a  chiiimey 
In  the  Bowling  (Jrocn  the  veut  is  discharged  into  the  Iwiler 
3  well  us  the  gases  of  the  ranges. 

The  lighting  of  these  buildings  is  univereally  electrical,  and 
regards  distribution  and  generation,  a  simple  operation, 
of  the  interior  of  some  buildings  requires  arti6cial  lightJng, 
8  shaded  part.s  {)f  Fig.  4S4.  The  risks  taken  l.iv  luauy  of  tht' 
s  of  such  buildings,  of  having  much  of  their  natural  light 
hy  the  erection  of  equally  lofty  neighbors,  is  a  matter  which 
ily  seldom  been  taken  into  account  in  pro[H>rtionJng  the 

Such  cases  hiive  been,  however,  far  from  imcoinmon.  In 
pniian-Auiericjin,  Fig.  4M!t,  (>0  windows,  and  in  the  Hudson 
up.  Fig.  +!)0,  no  lesf-  tlian  I'iO  windows  have  Ix-eii  chwod  by 
)oring  buildings,  and  this  loss  of  light  has  had  to  be  partly 
up  by  an  increa.-ie  of  artificial  light.     Thi^  lower  outside 

of  such  buildings  as  line  narrow  streetH  like  ExchaDge 

such  as  the  Broad  Exchange  (20),  Wall  Exchange  (25),  and 
F  other  buildings,  require  artificial  light  at  all  times. 

Direct-current  sy.'^tenis  arc  employed,  the  feeders  being 
three-wire,  only  in  onlcr  to  provide  for  eventual  possible 
stion  of  tho  public  senioe;  from  the  distribution  eentora 
:h  floor  the  circuits  are  carried  in  two-wiro  work  to  the  out- 
Tho  regulations  of  the  New  York  Board  of  Fire  Under- 
a  and  of  the  Dcparttiient  of  Buildings  are  followed,  and  are 
Ily  drawn  and  are  now  in  practical  harmony- 

Since  the  Bowling  Clieen  installation,  in  wliich  tlio  author 
nlincd,  plain  cnainelcd  iron  conduit,  and  for  the  purpOHu  of 
g  the  then  regulations,  installed  therein  lead-covered  con- 
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lots.  AlKuit  yo  per  cent,  less  eoiiduit  and  eon 
method,  hut  the  fixtiin»s  in  anv  room  or  set  oi 
or  cut  out  individually.  Where  that  feature 
ever,  the  system  presents  advantages  in  int^ 
the  ace(\ssil)ilitv  to  the  (m^neer  of  the  fuses 

IS.  The  usual  practice  is  to  adojjt  a  pres< 
hut  in  the  Dun  Building  (15),  and  in  a  few 
'2U)-'2'2i)  vnhs  is  maintain(»d,  operating  elevii 
in  paralh'l  with  lighting  work.  The  redu 
duct()rs  is  not  nuiterial,  Imt  there  is  a  gain  ii 
and  of  connections. 

49.  Th(^  generators  are  in  duplicate  or 
75  to  150  kilowatts  capacity,  operated  in  pt 
(►f  head  room  sometimes  induce  the  adoptic 
the  same  factor  has  prevented  the  adoption 
as  :i  motive  machine.  The  comix)und  engin 
hea<hvay,  more  for  similar  reasons  of  space 
its  economy.  The  4-valve  engine  is  a  typ 
<'o!i(liti()ns,  and  has  found  some  favor  recei 
mction  of  engine  and  generator  is  the  co 
much  advantage  in  absence  of  noise  and  v; 
nf  foun<lations  for  these  engines,  interfere 
an*  ])y  tlic  nature  of  the  buildings'  footing 
designing  engineer  finds  much  cause  for  an: 


r'*     r 
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'he  description  of  all  the  foregoiiig  st^rvices  leads  to 
ce  of  power,  viz.,  the  chiiiiDcy,  the  boilers  and  the  fuel, 
jaaoo  of  their  height  these  buildings  iire  provided  with 
ty  proportioned  stacks.  Such  proportions  as  i2  inches 
ehes  diameter,  to  240  and  even  280  feet  high  are  not  uu- 
,  and  the  ordinary  rnlos  of  proportion  and  work  do  not 
ith  accuracy.  The  discharge  of  gases  is  greatly  aeeeler- 
the  height  and  by  the  protection  of  the  stack  from  heat 
ita  being  contained  in  a  warm  flue.  This  practice  is 
although  in  some  eases  exposed  stacks  are  provided,  as 
lowling  Green,  225  feet  and  5  feet  diameter,  which  has 
over  700  horse-power  besides  some  ventilation,  a  kitclien 
ind  a  60  horse-power  boiler  of  a  neighboring  building, 
irability  of  close  bricking  in  of  such  chiinnies  is  question- 
t  is  comMion.  In  the  liroadway  Chnnibers,  Fig.  4.'*7.  i'>S 
44  inches,  the  fliie  is  so  proportioned  tliat  the  stack  is  fte- 
by  means  of  a  boatswain's  ladder,  and  is  also  built  with 
jn  joints,  so  that  it  could  be  withdrawn  in  sections  to  the 
he  locating  of  these  chinmies  is  often  done  with  poor  judg- 
id  with  resultant  loss  to  their  efficiency. 
7it\i  such  iieights,  however,  strong  drafte  are  generally 
!,  and  the  burning  of  small  anthracite  is  common  and 
.  The  regular  practice  is  to  use  a  No,  3  quality  which, 
.raft  exceeding  seven-tenths  at  the  boiler  damper,  can  be 
Tom  5  to  8  inches  thick  with  five  to  eight  hours'  cleanings, 
haking  grates  are  commonly  employed,  ohieBy  that  known 
TcClave.  One  or  two  attempts  have  been  made  to  utilize 
1  in  the  Hawley  down-draft  furnace.  Wliilo  excellent 
nay  be  obtained,  t!ic  f:iet  that  New  "i'ork  is  not  u  soft-coal 
ind  that  hard  sinal!  coal  is  always  more  readily  available, 
1  against  the  extension  of  the  use  of  bituminous  coal, 
torage  of  fncl  is  always  limited,  the  only  building  where 
I  as  600  tons  can  be  taken  into  store  being  the  Bowling 
Offices,  720  horse-power.  Some  buildings  are  very  in- 
?ly  provided,  and  are  hard  pressed  in  case  of  coal  sliort- 
ikes  or  even  severe  weather.  In  some  esses  managers 
id  $0,  and  in  one  rase  $20  a  ton  for  »  supply  in  such 

'lie  usual  supi'ly  is  l>y  contniet  for  daily  or  weekly  il*- 
t  prices  varying  fnun  if^ii.^fO  to  $-J.SO  per  long  ton.  Auto- 
okcrs  are  instiilled  in  only  a  few  bnihiings.     The  strong 


nm 
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draft  renders  practicable  the  use  of  fuels  as  cheap  i 
stated,  mth  hand  firing,  and  the  size  of  the  plants  does  m 
possible  any  serious  reduction  in  the  labor  employed  m 
room. 

50,  The  watei^tube  boiler,  of  one  or  other  of  Uie  wi 
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fniiiis,  is  in  general  use  in  these  buildings.  Their  se 
•■'i-n  their  proportions  have  as  often  been  a  matter  ( 
i-piiue  as  of  flic  duties  to  be  performed.  InstaUation 
sized  iitiits  has  been  found  economical  in  the  Central 
Imr^^o-jKuver,  and  Hudson  Building,  500  horse-powf 
Mroadway  Chambers,  the  space  made  available  by  thi 
jihius  best  siiitod  tlic  vertical  type,  and  two  such  hoi 
Ptjilled,  of  iiOO  horse-power  each. 
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58.  It  must  Ix.'  a(l<lo(l,  with  regret,  that  th 
fcj^sion  as  a  ho<lv  have  failed  to  realize  the 
regard  to  this  matter  of  the  employment  of 
skill  upon  the  work  of  the  design  and  propr 
]>hnit  of  these  larg(^  hiiildings.  The  annoya 
liave  snl)jecte<l  the  ownei*s  of  sueh  propertie 
iK-tioii,  annoyaiiees  which  are  peeuliarly  inh< 
mechanical  ap]»aratus,  and  particularly  of  pip 
])n^sont  condition  of  the  design  and  erection 
iiigs,  which  has  largely  been  taken  out  of  the 
tccts  and  absorbed  l)y  general  contracting  fin 
staff  of  subordinates,  architectural  as  well  as 
ahility  is  stimulated  by  haste  and  competition, 
naturally  avrud  tlie  introduction  of  improvem( 
t«»  the  prime  cost,  which  alone  concerns  their  e 

5!».  To  til  is  unfortunate  condition  the  tall  o 
l^hinr.  ha-^  been  brought,  and  the  present  stat€ 
<l«  -iirji  jnay  be  said  to  have  stagnated  during 
i!i"-t  comiiMiiiJable  features  being  imitations  o 

«)<►.   'I'lir  »l(-cription  of  the^e  plants  would 
"111.  -oiiic  nt'crcnce  t()  the.  j)er6onncl  to  whom 
«'|M  r:i(inn  and  maintenance. 

The  operating  engineers  are  licensed  by 
(t(  th(^   roli<'c  l)cj>artment,  as  are  the  fireme 
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sipparatua  they  are  set  to  handle,  and  the  finest  sense  of  scorn 
those  who  ha^'e  either  eondenined  them  to  handle  ineffective 
iances,  to  work  in  unwholesome  spaces,  or  to  be  afforded  in- 
'ent  assistance  and  unsuitable  fuel 

i.  The  staff  generally  consists  of  a  chief,  whose  pay  varies 
I  $100  to  $!25  ppr  month,  one  or  more  aasistanta  at  $85  t,o 
I  per  month,  with  firemen  and  oilers  at  $60  per  month. 
tribute  must  be  paid  to  these  humbler  members  of  the  great 
lerhood  of  engineers,  whose  labors  maintain  the  constant 
ces  of"  tliese  large  buildings,  on  which  so  considerable  and 
irtant  a  population  depend  for  business  operations  in  comfort 
Bccurity,  and  who  thus  maintain  them,  often  under  circum- 
■es  of  great  physical  discomfort,  and  even  of  injury,  and  amid 
ulties  which  only  tliose  who  have  witnessed  their  capabilities 
dden  emergencies  can  fully  appreciate. 

DISCUSSION.* 

r.  William  II.  Bryan.—'Vha  author's  severe  criticism  of  the 
ric  elevator  may  be  to  some  extent  justified  if  limited  to  tall 
'  building  service,  which  may  be  said  to  l«?  the  last  strong- 
of  the  hydraulic  elevator.  It  is  doubtful,  however,  whether 
iractice  west  of  New  York  will  confirm  the  author's  extreme 
I.  It  is  true  thiit  wc  have  no  extremely  tall  office  bmldings 
t.  Ixmis,  but  tiicrc  are  several  instances  of  12  to  16-story 

buildings,  in  which  dniiTi  electric  machinos  running  350  to 
fei't  per  Niiimle  htc  fiiviiig  satisfactory  service.  The  more 
it  ntnii-tiiri's  nil'  )ill  iHpuppi'd  with  electrin  machinca  and  in 
.'asc  where  an  aihlifinri  was  made,  two  electric  elovntora  lire 
iug  satisfactorily  iihuifisidc  of  the  four  originul  hydraulicn. 

if  it  is  adniiHed  (hat  at  the  present  moment  the  hydraulic 
m  is  preferable  itj  lull  office  buildings,  where  speeds  oxoeed- 
rdO  feet  per  minute  are  necessary,  the  fact  shonkl  neverthe- 
He  emphasized  ihiit  for  praetieally  every  other  kind  of  eer- 
the  modern  eh'etric  niaehiue  in  displacing  all  other  typea. 
le  reasons  are  not  fiir  to  seek.  First,  (Jreater  economy  of 
r  or  fuel,  whirh  suviug  in  practice  is  something  like  one- 
,  often  more.  Sieond.  Oreater  simplicity  of  iustallation,  one 
f  generating  units  s.iviug  for  light,  power  and  elevator  ser- 

'or  [QTth«r  dlaciiuion  on  tbis  paper,  see  tlie  dlicnaiUHi  appeadcdln  p»pw 


Louis  wc  liav(*  Hilt  rates  as  low  as  $10  \)vr  iiiontli 
no  case  exceeding  $50  per  inontli.     Power  rates 
avcrap'  4  cents  per  horse-powor  hour. 

It  may  he  conceded  also  that  at  the  present  nin 
favors  tlie  livdranlie  in  the  matters  of  safctv,  rel 
rej)airs,  altliou^li  this  is  strenuously  denied  hy 
an<l  manufacturers  who  are  in  a  position  to  kn< 
pirdinir  tlie  actual  ])erformanees  of  the  best  in 
Types.  Tlie  electric  elevator  is  still  comparative 
]>a»<cd  tlirnuah  a  severe  ex])erimental  process  dm 
vcars.  Its  most  satisfactory  form,  and  the  one 
l)e  said  to  he  a])proaehing  a  standard,  has  only  h 
tew  years.  It  is  reasonable  to  su]>pose  that  tlu 
tioul)l('<  which  accompanied  the  earlier  maehines 
rxieut  heeii  rcmc<lie(l,  and  that  the  record  for  tli 
'.vil'  eniiip.ire  well  with  that  of  the  hvdraulie  pvst( 
I'M-  n«»t  e<|ual  or  surpass  same  in  the  still  doii 
-jit'eiy,  rell.ihility,  and  low  cost  of  repairs. 

Ill  St.  Louis  electric  (devator  maehines  locates 
1..  ell  \erv  >ucce--;f'ul.  Tliis  <i^reatlv  (»eonomizos  s 
*';ir«'  iiiu-t  he  lakcn  to  secure  pent  houses  of  a 
lii^lited,  ;i]|i|  ea.-ily  ac<'essihle.  In  this  respect  we  i 
::i.'  eii.'«per.iii(»n  of  the  best  architects. 

J//.  //.  I\  lio/hfu.''-  -  -T\w  discussion  soems  to  li 
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tiempted  as  required  by  New  York  coTnlitions  in  biiiWinps  of 
C  stories  and  over,  the  results  would  be  ae  T  have  stated. 

llr.  Bryan  recites  the  familiar  favorable  aswrtioiis  of  general 
^sonoiuy,  simplicity  and  reduced  cost  and  space  of  electrical  eleva* 
c»  apparatus,  itmking  no  distinction  betwiK'u  the  schedule  plant 
jod  little  installations  of  one  to  three  machinrs- 

The  old  eontention  that  one  generating  nnit  will  serve  with 
»«onomy,  for  both  light  and  elevator  power,  is  not  to  be  bomt" 
fcut  if  satisfactory  service  of  both  is  required. 

If  such  a  unit  is  to  lie  employed  for  botli  services,  then  the  size 
*f  cylinder  must  be  predicated  upon  the  maximum  lig:htiiip;  it  is 
t«  carry,  to  which  must  be  added  the  eleviUor  load  at  its  highest 
3r starting  point,  and  when  the  latter  irregular  item  is  not  present, 
khen  the  cylinder  is  too  large  for  its  work,  aud  is,  in  the  majority 
»f  cases,  even  with  automatic  cut-off  engines,  working  wastefutly. 
The  additional  cost  of  this  increase  of  engine  capacity  should  be 
debited  to  the  electrical  elevator.  The  cost  of  outside  service  in 
St.  Louis,  nf  4  cents  per  horse-power  hour,  is  much  lower  than 
is  obtainable  in  New  York,  but  even  with  that  low  rate,  the  figures 
of  $10  to  $.")0  per  month  per  elevator,  serves  to  show  ihat  the 
Bervice  is  less  than  one-half  of  that  expected  of  the  machines,  tho 
coat  of  which,  I  quoted  in  paragraph  18. 

To  Jir.  \isth-'s  remarks,  f  reply,  that  the  inherent  fault  of 
all  elect riciiUy  operated  machines,  for  rapid  ^cht^du^«  service,  is 
lack  of  direct  means  ..f  jiiri-^ting  the  momentum  of  the  moving 
elements  of  the  iippuratus,  except  by  such  mechanicnlly  unreliable 
devices  as  brakes,  wliereas  the  hydraulic  cylinder  has  a  direct  and 
positive  eontrol  mi  the  lienviest  parts  of  the  moving  apparatus,  and 
this  is  a  feuture  t!i:it  tlie  drum  eh'etric  machine  dues  not  potwesB, 
and  whieli  the  Spragne  scn'W  iiiacliine  set  out  to  imitate, 

llr.  Uockwotul's  reference  to  the  "  Plunger"  tj-po  of  olevnfor, 
intrmluees  it  as  one  which  lie  apparently  regards  as  «uili-d  to  all 
torts  of  condition!',  im-lusive  of  oflice-building  work.  I  cannot  be 
iieeused  of  any  lio^^tMily  to  this  exceedingly  desirable  form  of 
apparatus,  inasiniieli  ii<  1  was  tlie  only  engineer  who  had  the 
courage  to  iiilr.pt  it  for  ;i  licinhi  of  travel  exceeding  200  feet,  and 
to  nndertake  the  respoTisibility  uf  boring  in  Manhattan  rock  to  the 
lepth  recpiired. 

Rut  T  did  not  introduce  it  in  my  paper  for  the  reason  that  it  ia 
not  a  suitable  apparatus  for  liigli  office  buildings,  as  it  lacks  the 
'ame  element  as  the  electric,  namely  mo&m  of  positively  arreat- 
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ing  the  momentum  of  travelling  parts.  It  is  true  that  this  is  the 
case  only  on  the  up-run,  but  that  is  the  side  on  which  the  plunger 
system  is  weak. 

With  reference  to  Mr.  Suplee's  remarks,  the  only  hope  for 
ventilation  in  tall  office  buildings,  is  in  the  employment  of  venti- 
lating engineers  in  advance  of  or  on  equal  terms  with,  the  archi- 
tect. By  the  time  any  engineer  gets  to  work  on  these  buildings 
the  conditions  have  been  fixed  so  far  as  to  render  any  effective 
system  of  ventilation  impracticable. 

I  am  completely  in  accord  with  Mr.  Gifford's  remarks  in  favor 
of  the  four-valve  engine  for  this  class  of  work.  I  have  not  favored, 
nor  liave  I  installed  any  compounds  on  office  building  work.  In 
hotels,  the  conditions  are  very  different  and  warrant  their  use. 

I  would  have  been  glad  to  adopt  Mr.Colles'  suggestion, of  stable 
of  cost  of  maintenance  and  charges  per  floor,  above  16,  and  hope  I 
may  be  able  to  do  so  at  a  later  date.  It  will  exhibit,  I  believe,  the 
blundering  system  by  which  very  many  of  the  buildings  have 
been  equipped.  I  quite  agree  with  Mr.  CoUes  that  the  electrical 
part  of  the  equipment  of  office  buildings  is  a  matter  of  very  simple 
character.  Outside  of  the  vertical  circuit  system,  paragraph  47, 
and  of  the  abandonment  of  interior  lining  of  conduits,  paragraph 
46,  no  improvement  of  any  kind  has  been  made  in  ten  years  past 
in  this  direction. 
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No.  lf»4«.* 

STBAM   TURBINE   IN  MODERN  ENGINEERINGS 


Most  of  you  are  more  or  less  familiar  with  tlic  general  char- 
of  the  steam  tiirbiiiea  of  Parsons  and  DeLaval,  which  8fe 
■ineipal  forerunners  of  the  type  to  which  tliia  paper  rolatee. 
machines  represent  the  opposite  limits  of  possibility  in  Bteom 
e  design,  and  a  comparison  of  thorn  is,  therefore,  very  inter- 
and  suggestive  in  considering  other  methods. 
riie  expansive  force  in  steam  is  capable  of  imparting  to  the 
itself  very  high  velocities,  and  the  problem  which  presenta 
;o  the  designer  of  steam  turbines  is  to  devise  means  by  which 
locities  of  moving  jets  or  columns  of  steam  may  be  made 
■  up  their  work  effectively  to  mechanical  parts  which  run  Rt 
:al  speeds. 

a  the  DeLaval  turbine  the  total  available  power  of  the 
is  used  in  a  single  set  of  nozzles,  and  all  the  naeful  work 
t'd  is  dolivtTc<l  by  jets  from  tliese  nozzles  to  a  single  circle 
ving  buckets.     In  the  Parsons  turbine  there  are  30  or  40 

of  moving  buckets  and  stntionary  directing  vanea.  A 
|im[)ortion  of  the  energy  in  stcnni  is  used  in  each  set  of  eta- 
*■  vanes  to  impart  velocity  to  tlie  »team  with  the  most  effec- 
rection.  Thi.t  energy  of  motion  is  then  in  part  given  up  to 
xt  circle  of  moving  hncket.'*.  These  turbines  api>oan>d  at 
the  same  time,  nearly  twenty  years  ago.    One  does  its  work 

process  and  tlic  other  in  many  sHccessive  processes,  but 

twDted  at  tbo  Cliii'ttgij  nipi'tlnir  <May  nnd  June,  lD04j  of  the  Atn^rlckn 
iif  Mechanlcul  Kugint-erH,  iud  fomiiug  part  of  Voluuiu  XXV,  of  Uw 

furiliPT  ilisco.ssjnii  on  this  Miiic  (mriRiilt  TViiiiMfKoM  u  follow*  : 

vol.  I.,  p.  680  :  ■■  Noll's  <.ii  Siosiii  Turliine."    .(,  B,  Wfbb, 

vol,  ivii..  p,  881  :  "SU'iiin  T.xrbitic  "     \V,  ?.  M.  Go«., 

To1   iili..  p.  \',{\:  "Hti'imi  TiirliinHH,"     K,  II.  ThunHon. 

vol.  iiiv.,  p  909  :  "  Str-ntu  TurlilntM  (rom  OpeMtIng  SundpcdtiL"    P. 


1 


fact  iiiaiiv  vcart^  elapsed  before  either  of  these  ti 
l)('  vcrv  extensively  developed,  and  before  any  imp 
iiiadc^  their  aj)})earanee.  The  Curtis  steam  tur 
verv  nu'ently  aj)])eared  on  the  market,  is  the  fir 
eoiiuncrcial  niaehine  different  in  type  from  eitl 
or  DcLaval  niaeliines.  The  general  purpose  of  t 
is  to  ]>nMluc('  results  with  a  reasonable  number 
and  at  moderate  s])eeds,  while  the  Parsons  turbint 
laru'c  iniiiiln'r  of  small  parts  and  the  Do  Laval 
excessively  hii»li  speeds  inay)plieable  to  mechaniea 
out  tlic  use  of  speed  redueing  gearing. 

.">.  Mv.  Curtis's  exj)eriment  on  steam  turbines 
on  for  al>out  four  vears  before  the  General  Ele 
took  to  build  anv  nuiehines  for  service.  At  the  ei 
Mild  at  a  time  now  about  four  years  ago,  the  aut 
connected  with  the  enterprise,  being  asked  to  ex 
coiicrrninii"  the  value  of  the  invention.  Other  e 
jMni<  .1  unfav(»rably,  and  the  discontinuance  of  ^ 
>il)ility.  The  opinion  given  was  that  the  inventic 
jM.->il)iliiic<,  ))articularly  in  the  matter  of  simplio 
«tf  j)in(lnctinn;  that  the  develo])ment  of  commerci 
ju-tilicd  hy  the  ex])eriments**  and  should  be  beg' 
ih;ir.  ihc  (levrl.>piuent  of  high  degrees  of  steam 
|.c  ."X|.rcicd  with  further  ex])erience. 

1).   Ti.i^  I'i'port  led  to  the  beginning  of  work  oi 
till    ;lr-t  >ic|)  heinu"  to  build  a  600  kilowatt  unit 
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dertakiug  of  commercial  work  on  a  large  scale,  and  the  expe- 
"Kwe  so  far  obtained  and  a  careful  study  of  mechanical  possibili- 
8  led  to  the  adoption  for  this  now  work  of  radically  new  mecban- 
u]  designs,  applied  to  bucket  and  nozzle  arrangements  similar 
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those  prcvioiialy  iis"!  nnd  firct  recommonded  by  Mr,  Curtis. 
lo  firat  maebJnes  dcsiffiu'd  nf  this  now  type  were  a  5,000  kilowatt 
lit  for  the  Chiciigo  Kdison  C'i>.  and  a  MO  kilowatt  unit,  the  first 

which  was  installed  at  Xfwport,  H.  J.  Fimr  muchines  from  the 
rmer  and  about  forty  frvmi  thf  lattor  di'sign  liave  up  to  the  prflB- 
,t  lime  been  iiistiilli'd. 
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7.  These  machines  are  built  with  shafts  in  a  vertical  position; 
the  total  weight  of  revolving  part  being  borne  by  a  step-bearing 
at  the  foot  of  shaft,  and  shaft  being  steadied  and  aligned  by  three 
bearings,  one  at  the  top  of  generator,  another  near  the  foot  of 
shaft,  and  a  third  between  the  generator  and  turbine.  Many 
reasons  led  to  the  adoption  of  this  arrangement  which  involved 
some  untried  features,  but  which  afforded  very  great  practical  ad- 
vantages. A  careful  consideration  of  designs  indicated  that  the 
imtried  features  involved  little  risk  of  serious  difficulty,  and  expe- 
rience has  shown  that  this  judgment  was  sound.  Some  of  the  im- 
portant advantages  of  the  vertical  shaft  type  are  as  follows : 

The  relative  positions  of  revolving  and  stationary  parts  are 
definitely  fixed  by  the  step-bearing. 

The  stationary  part  is  symmetrical,  easily  machined  and  free 
from  distortions  by  heat. 

The  shaft  bearings  are  relieved  from  all  strain,  and  friction 
is  practically  eliminated. 

The  shaft  is  free  from  deflection  and  can  be  made  of  any  size 
without  reference  to  bearings,  which  can  be  placed  where  con- 
venient and  operated  with  surface  speeds,  which  would  not  be 
practicable  with  the  horizontal  arrangement. 

These  features  make  possible  the  use  of  a  very  short  shaft,  and 
consequently  the  longitudinal  spacing  of  moving  and  stationary 
parts  is  very  little  effected  by  temperature  differences. 

The  turbine  structure  affords  support  and  foundation  for  the 
generator. 

The  cost  of  foundations  is  very  small,  and  the  solidity  and  align- 
ment of  foundation  is  not  of  vital  importance. 

Much  floor  space  is  saved. 

All  parts  of  the  machine  are  conveniently  accessible. 

Failure  of  lubrication  cannot  injure  the  shaft  or  other  expensive 
parts. 

8.  Another  new  feature  of  these  designs  is  the  arrangement 
of  valves;  the  turbine  being  governed  by  the  successive  opening 
of  steam  operated  valves,  which  are  independent  of  each  other, 
but  which  are  all  controlled  by  the  centrifugal  governor.  With 
this  arrangement  the  speed  control  of  the  turbine  is  not  dependent 
upon  the  successful  operation  of  all  the  valves,  since  the  governor 
automatically  keeps'open  as  many  valves  as  the  machine  requires, 
and  in  the  event  of  trouble  with  one  valve  opens  another  to  take 
its  place.     The  character  of  the^e  first  vertical  shaft  designs  is 
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illustrated  by  the  cross  section  drawing  of  Chicago  machine,  Fig. 
495.  Most  of  the  drawings  of  parts  which  are  here  given  show 
the  designs  which  have  been  adopted  in  connection  with  later 
machines,  and  do  not  apply  to  the  machines  at  Chicago  or  others 
of  that  date.  The  principles  involved  are,  however,  the  same 
in  all. 

9.  In  this  Chicago  machine  there  are  two  stages,  each  stage 
having  a  single  wheel  whicl^  carries  four  rows  of  moving  buckets. 
On  the  stationary  part  there  are  three  rows  of  stationary  buckets 
opposite  each  group  of  nozzles  used.  The  shaft  is  in  one  piece 
from  the  step-bearing  to  the  top  of  the  generator.  The  wheels 
are  of  cast-steel  mounted  upon  it  with  taper  fits.  The  stages  are 
sepal'ated  by  a  cast-iron  diaphragm  which  is  fitted  with  valves 
which  are  now  operated  by  hand,  but  which  are  being  arranged 
to  operate  automatically;  it  being  advantageous  to  constantly 
maintain  a  certain  pressure  relation  between  the  stages. 

10.  The  step-bearing  is  shown  by  Fig.  496  aiid  consists  of  two 
cast-iron  blocks,  one  carried  by  the  end  of  the  shaft  and  the  other 
held  firmly  in  a  horizontal  position  and  so  arranged  that  it  can 
be  adjusted  up  and  down  by  a  powerful  screw.  The  lower  blo9k 
is  recessed  to  about  half  its  diameter,  and  into  this  recess  oil  is 
forced  with  sufficient  pressure  to  balance  the  weight  of  the  whole 
revolving  element.  The  amount  of  oil  required  is  small.  About 
5  gallons  per  minute  is  used  in  the  5,000  kilowatt  machine,  but 
with  a  good  alignment  it  could  be  satisfactorily  operated  with  a 
much  less  amount.  The  oil  after  passing  between  the  blocks  of 
step-bearing  wells  upward  and  lubricates  a  step-bearing  supported 
by  the  same  casting.  This  whole  structure  is  inside  of  the  base, 
and  a  packing  is  used  between  the  oil  chamber  and  the  base, 
so  that  oil  or  air  cannot  get  into  the  vacuum  chamber.  A  small 
steam  pressure  is  maintained  between  the  sections  of  this  packing, 
in  order  that  these  objects  may  be  accomplished  with  certainty. 
Tn  many  cases  these  same  step-bearings  have  been  operated  with 
water  instead  of  oil,  in  which  case  no  packing  is  necessary;  the 
water  being  allowed  to  pass  into  the  base.  Tn  some  of  our  latest 
designs  water  will  be  used  exclusively;  the  lower  surface  of  step- 
bearing  being  of  wood  and  no  packing  being  provided. 

11.  The  extreme  conditions  to  which  these  step-bearings  are 
subjected,  and  a  complete  lack  of  precedent  for  such  designs  led 
at  first  to  many  doubts  concerning  the  success  of  this  feature. 
Experience  has,  however,  shown  that  these  doubts  were  without 
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foundation.  Practically  no  troubles  or  interruptions  have  resulted 
from  this  cause,  and  the  step-bearings  have  showii  a  ruggedness 
and  stability  far  beyond  our  expectations.  Many  of  our  turbines 
have  been  operated  under  more  or  less  temporary  conditions  in 
incompleted  stations,  and  there  have  been  many  accidental  stop- 
pages of  step-bearing  pressure  while  machines  were  running.  In 
hardly  any  cases  have  such  stoppages  caused  even  an  interrup- 
tion of  service.  The  step-bearing  surface  cuts  immediately  when 
lubrication  is  stopped,  but  the  metal  from  it  is  removed  very 
slowly  and  it  has  the  power  of  re-establishing  itself  almost  imme- 
diately when  oil  flow  is  again  started.  We  expected  that  this  con- 
dition would  exist  in  smaller  machines,  but  did  not  hope  for  it  in 
larger  machines,  and  took  precautions  to  provide  accumulators 
and  other  auxiliaries  necessary  for  permanent  maintenance  of 
step-bearing  pressure.  In  spite  of  these  fears  and  precautions 
the  step-bearing  pressure  has  through  accidents  failed  five  or  six 
times  in  the  Chicago  Edison  plant,  and  all  of  the  three  machines 
now  operating  there  are  running  on  step-bearings  which  have 
been  subjected  to  such  stoppages.  In  no  case  has  any  harm  re- 
sulted to  the  machines,  and  the  bearings  have  always  operated  just 
as  well  as  if  they  were  in  a  perfectly  new  condition.  Our  policy 
in  adopting  the  vertical  design  and  putting  our  dependence  in  the 
step-bearing  was  to  put  all  our  eggs  in  one  basket  and  watch  the 
basket.  We  have  now  discovered  that  very  little  watching  is 
necessary.  In  our  newer  designs  we  are  providing  a  powerful 
brake  bearing  on  the  lower  surface  of  a  chilled  iron  ring  carried  by 
the  lower  wheel.  This  brake  can  be  conveniently  operated  f ronpi 
the  outside,  and  can  be  used  to  take  the  whole  weight  of  the  revolv- 
ing part  in  case  the  step-bearing  support  should  fail.  In  ordinary 
operation  the  shoes  of  this  brake  will  be  set  about  0.01  inch  below 
the  brake  ring.  It  is  thus  in  a  position  to  receive  the  revolving 
part  in  case  the  step-bearing  support  should  fail.  Another  and 
more  important  function  of  this  brake  is  to  stop  the  machine  when 
it  is  desired  to  do  so.  One  of  the  5,000  kilowatt  vertical  shaft 
machines  will  run  for  four  or  five  hours  after  the  steam  has  been 
shut  ofl^,  unless  load  is  put  upon  it  or  a  brake  is  applied. 

12.  One  of  the  most  important  matters  in  all  steam  turbine 
work  is  the  matter  of  balance,  and  the  importance  of  good  balance 
applies  as  well  to  vertical  turbines  as  those  that  are  operated  in  a 
horizontal  position.  When  the  balance  is  good  the  bearings  on 
vertical  turbine  shaft  are  practically  free  from  strain  or  fric- 
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tion.  It  is  possible  to  operate  these  machines  successfully  with 
very  considerable  imperfection  balance,  but  a  perfect  balance  ia 
practicable,  and  should  be  attained  in  every  case. 


Fio.  499. 


13.  Fip.  4J17  shows  the  connection  of  valvo  mechanism  to  gov- 
ernor in  one  of  our  new  5,000  kilowatt  turbines.  Fig.  498  shows 
one  of  the  controlling  valves  used  with  this  arrangement.    Each  of 
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6-  The  6,000  kilowatt  iimi   Mid  kilowatt  twonWgft  mncmnrs 
™  mentioned  sirr.  a:'  I  liiive  .■^nid,  Hcsignci  in  ncTOnlaii(.'e  with 
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rmor  in  one  of  our  new  5,000  kilowatt  tiirlHnos.     tig.  V.tO  shows 
imi'  of  the  controlling  valvos  used  witli  tliis  nrrangeiticnt.    Each  of 
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coDtrotliug  valves  operates  one  or  niorc  main  valves  wliich 
lunicate  with  the  first  stage  nozzles.  This  controlling  valve  is 
isigned  that  it  always  passes  positivtlv  from  one  of  its  aeata 
e  other.  No  matter  how  gradually  thu  fort-e  is  applied  it 
3  both  ways  on  the  principle  of  a  pop  suft-tj  valve.  It  ia  thus 
ys  firmly  seated  and  ia  free  from  the  deterioration  which 
ige  would  cause.  The  total  number  of  these  valves  required 
sea  a  light  load  upon  the  governor  which  is  made  strong 
gh  to  give  any  desired  accuracy  of  speed  regulation  without 
lossibility  of  lag  or  sticking.  The  oufrolling  valves  on  our 
?r  vertical  shaft  turbines  were  actuated  by  electric  magnets. 
mechanical  arrangement  is  simpler  and  more  positive. 
.  Fig.  500  shows  a  base  for  supportinp  one  of  our  .1,000  kilo- 
turbines  which  also  performs  the  functions  of  a  surface  eon- 
'r.  This  combination  has  been  adopted  in  several  of  our 
r  designs;  among  tliein  the  2,000  kilowatt  unit,  which  is 
installed  at  the  St.  Ix>uis  Fair.  This  arrangement  is  adaptad 
;  production  of  the  beat  ]x>ssible  vacuum  with  a  given  water 
y,  and  also  has  the  advantage  of  a  considerable  saving  of 
Two  .1,000  kilowatt  units  equipped  with  these  condenser 

are  now  being  installed  for  the  Boston  Kdison  Co. 

Fig.  ."lOl  sliow-i  Ihe  cross  section  asseiiihly  of  the  .100  kiln- 
unit  above  nienlioncd.     This  machine  is  designed  with  two 

■  and  three  rows  of  buckets  per  stage.  Its  gi.'ueral  features 
liaracteristics  arc  similar  to  those  (if  the  larger  unit*,  and 
not  be  se|)arHtcly  described.     This  miicliiiie  has  been  tested 

■  a  variety  of  conditions  at  Newport,  and  has  given  results 
illustrate  very  well  the  advantages  of  the  trype.     Among 

testji  that  were  made  tlie  machine  wan  operated  on  a  rapidly 
ing  railway  load;  the  momentarv  variiitions  of  load  amount* 

about  120  kilowutt.s.  In  one  test  l.ho  uverngo  load  carried 
his  fluctuation  was  ^TiO  kilowatlH,  and  the  st.(>am  coaaump- 
•jis  24.4  pounds  per  kilowatt  hour  output  with  saturated 
Another  test  was  run  wilh  similar  fim-tuationa  and  with 
'rage  of  l^il  kilowntls.  The  steam  consumption  under  this 
ion  was  20.7  pounds  nf  saturated  steam  per  kilowatt  hour 
'..  The  best  reci|imciiting  engine  under  eoudittoiis  of  tlio 
>st.  would  proliiiblv  ronsume  from  28  to  SO  pounds  per  kilo- 
tour. 

The  5.000  kilnwair  nod  500  kilowatt  tw<HfUge  machine 

mentioned  are,  ns  I  liiive  said,  desigiR-d  in  accordance  with 
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['urfis's  original  conceptions  before  we  had  the  henctit  of 
study  and  practical  experipnce.  After  construction  of  these 
Ines  had  been  begun,  we  became  convinced  that  other  ar- 


ninits  of  slftiiii  [iiii'ts  M  III  I  U  nil  re  ad\uiitup^oiiH  and  licgnti 
'8ign  of  a  now  Ivpc,  the  conBliutlion  of  which  v,a»  woll  ad- 
i  before  ouv  tirst  rxpirunctB  with  tht,  first  type  were  ob- 
.  Theory  unci  fxpcriincnt  iujicatod  that  wo  could  obtain 
economy  from  tho  new  design  adopted,  and  it  also  affords 
ivantagps  of  gn-uter  siinplicity  und  u  better  mechanical 
arc.     These  new  maehiuea  are  ideally  simple,  with  large 
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clearances  and  practically  no  tendency  to  distortion.  No  parts 
of  them  are  subjected  to  heavy  strains,  and  no  particular  accuracy 
or  thoroughness  of  workmanship  is  required  in  any  part  Machines 
of  this  type,  which  have  very  recently  been  put  into  operation, 
havie  started  without  any  trouble  or  interruption  and  given  very 
perfect  service. 

17.  After  we  had  embarked  upon  the  manufacture  of  a  great 
number  of  large  turbines,  and  had  already  put  into  production 
this  new  type,  we  began  to  receive  reports  of  rapid  advances  in 
the  turbine  art  elsewhere.  Large  turbines  of  the  Parsons  type 
in  Europe  produced  high  steam  economies,  and  we  began  to  meet 
in  competition  good  guarantees  of  steam  economy  with  relatively 
low  prices.  The  results  of  tests  on  our  first  machines  were,  there- 
fore, awaited  with  great  interest.  We  had  good  reasons  for  our 
beliefs  concerning  the  results  which  could  be  produced,  but  we 
were  very  slightly  supported  by  practical  experience,  and  were 
dealing  with  a  problem  which  involved  immense  values. 

18.  There  have  been  many  delays  in  completing  the  first  of 
these  new  machines,  and  it  has  been  necessary  to  interrupt  tests 
in  order  to  meet  customers'  requirements,  and  mistakes  and  acci- 
dents in  steam  plant  have  caused  further  delay  in  testing.  We 
have  recently  obtained  accurate  tests  from  this  first  new  machine 
as  originally  designed.  The  capacity  of  this  machine  is  2,000  kilo- 
watts. It  operates  a  6,600  v.  25  cycle  generator  at  a  speed  of 
750  revolutions  per  minute.  It  is  temporarily  installed  in  the 
General  Electric  Company's  power  station  at  Schenectady,  with  a 
surface  condenser  having  6,000  square  feet  of  cooling  surface. 
The  following  are  results  obtained  under  different  running  condi- 
tions. The  tests  on  March  12th  and  on  May  11th  were  made  upon 
different  machines  of  similar  design.  Considering  the  different 
conditions,  the  results  are  consistent. 

March  12th.*  May  11th 

Load  in  Kilowatts 637  1000  2000  2270 

R.  P.   M 750  750  750  750 

Gauge  Pressure...  150          160  156  100 

Superheat  F 215          242  242  260 

Corrected  Vacuum 28.2        28.9  28.73  28.1 

Lbs.  Steam  used  per  Kw.  hour 20.1        16  3  15.8  16.2 

Such  analysis  of  results  as  we  have  been  able  to  make  indicates 
that  a  different  proportioning  of  certain  parts  will  give  us  a  sub- 
stantial improvement. 


THE  STEAM  TURBINE  OF  MODERN   KUaiNKEaiNQ. 


DISCtTBBION,* 

Mr.  Francis  Hodgkinson. — Mr.  Emmot's  paper  is  of  particu- 
».3  interest,  insomuch  that  ha  doseribes  many  featUFes  of  the 
*«hanical  construction  of  the  turbine  in  which  he  is  interested, 
t  is  unfortunate,  however,  that  he  has  not  furnished  us  with 
■*ore  rtvords  of  performance  made  under  a  variety  of  operating 
^nditions.  insteafl  of  but  one  test  on  one  machine,  under  what 
flight  be  ilfs^riboil  as  elaborated  conditions  of  ojwration,  if  not 
iniler  wUal  iiiifrht  bo  styled  a  somewhat  commercial  oondition — 
liat  is,  liS.T'i  inches  vacuum  and  242  degrees  Fahr.  superheat. 
I'he  results,  however,  sound  very  excellent,  bat  the  high  vacuum 
*ncl  superheat  should  be  reckoned  ivith. 

la  my  paper  I  describe  a  tret  made  by  Mr.  F.  "W.  Dean  under 
somewhat  high  operating  conditions,  ahhougli  not  as  hi^  as 
those  d^ribod  by  Mr.  Emmet.  With  180  degrees  superheat 
and  28  inches  vacmuu,  the  steam  consumption  per  brake  horse- 
power hour  was  11.17,  With  the  superheat  100  degrees,  it  was 
12.0C  pounds  at  abnost  the  same  load.  If  we  assume  the  in- 
creafie  in  economy  duo  to  superheat,  V)etween  IfiO  degrees  and 
240  degree's  to  be  at  the  *aine  rate  as  l>etween  100  degrees  and 
ISO  degri-es,  the  rcHult  of  11.17  [rounds  per  brake  horse-power 
hour  would  be  improved  about  6.7  per  cent.  The  increaae  of 
vaeuum  from  ys.OS  inches  to  2S.73  inches  will  improve  the 
wonomy  of  a  Westinghouse-Parsona  turbine  about  2J  per  cent. 
AUowiiig  a  generator  efticiency  of  95  per  rent.,  brings  the  rusult 
tif  this  400  kilowatt  turbine  to  14.5  pounds  per  kilowutt  hour, 
against  Mr.  Eiiimnfs  Ijest  result  of  15.3  jKiundx  p<?r  kilowutt  hour 
with  a  L',000  kilowatt  unit. 


0  tlio  diKuHioD  >i>pn»l«d  to  |«p«r 
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No.  1047.* 

THE  DE  LA  VAL  STEAM  TURBINE.\ 

BT  S.  8.  LKA,  TRENTON,  N.  J. 

(Member  of  the  Society) 

AND 

B.  XBDBN  (Non-Member). 

1.  The  fundamental  principles  of  the  De  Laval  Steam  Turbine 
are  clearly  shown  in  Fig.  503.  It  is  a  pure  impact  turbine,  with  a 
single  turbine  wheel,  carrying  one  row  of  buckets,  to  which  the 
steam  is  delivered  in  free  jets  at  the  highest  possible  velocity. 
These  steam  jets  come  from  stationary  nozzles,  tapered  so  as  to 
increase  their  cross  sectional  area  toward  the  outlet  end  of  the 
nozzle,  and  so  calculated  that  the  steam,  before  leaving  the 
nozzle,  has  fully  expanded  down  to  the  pressure  prevailing  in 
the  exhaust  chamber  of  the  turbine,  and  has  assumed  a  correspond- 
ingly high  velocity,  so  that  its  whole  available  energy  has  been 
transformed  into  kinetic  energy. 

2.  The  velocity  of  the  steam  jets  varies  considerably,  owing  to 
change  in  pressure  of  the  steam  before  entering  the  nozzles,  to 
varying  exhaust  pressure,  and  to  a  greater  or  less  degree  of  mois- 
ture or  superheat  in  the  steam.  The  lower  limit  of  this  velocity 
found  in  general  practice  might  be  considered  as  about  2,000  feet 
per  second,  which  is  obtained  at  a  steam  pressure  of  about  45 
pounds  per  square  inch,  at  an  exhaust  pressure  equal  to  the  at- 
mospheric pressure,  and  with  steam  containing  10  per  cent,  of 
moisture.     The  upper  limit  is  found  to  be  about  4,400  feet  per 

*  Presented  at  the  Chicago  meeting  (May  and  Jane,  1904)  of  the  American 
Society  of  Mechanical  Engineers,  and  forming  part  of  Volume  XXV.  of  the  TranB- 
actions. 

f  For  further  discussion  of  this  topic,  consult  Transactions  as  follows  : 
Xo.  345,  vol.  X.,  p.  680 :  ''Notes  on  Steam  Turbine."    J.  B.  Webb. 
No.  648,  vol.  xvii.,  p.  81  :  "  Steam  Turbine."    AV.  F.  M.  Goss. 
No.  876,  vol.  xxii.,  p.  170  :  "  Steam  Turbines."    R.  H.  Thurston. 
No.  987,  vol.  xxiv.,  p.  999  :  "  Steam  Turbines  from  Operating  Standpoint."  F.  A. 
Waldron. 
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jingle  geared,  the  prpssure  in  the  {nniun  bcnringfl,  <il»  to 
essure  betwppn  the  teoth  of  tlie  gear  anJ  the  pinion,  would 
preat  at  these  sin'cilw;  therefore,  the  gears  are  made  double 
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angles  of  the  buckets  are  made  alike,  and  are  32  degrees  for 
smaller  sizes,  36  degrees  for  larger  sizes.  With  these  angles 
fixed,  and  taking  into  consideration  the  thickness  of  the  buckets, 
it  will  be'  found  that  the  best  theoretical  peripheral  velocity  of 
the  turbine  wheel  will  be  about  950  feet  per  second  for  a  steam 
jet  velocity  of  2,000  feet  per  second,  and  about  2,100  feet  per 
second  for  a  jet  velocity  of  4,400  feet  per  second. 

4.  Contrary  to  popular  belief,  there  are  no  reasons,  either  theo- 
retical or  practical,  to  prevent  the  building  of  a  safe  turbine 
wheel,  with  a  peripheral  velocity  as  high  as  2,100  feet  per 
second;  only  economical  reasons  have  put  a  limit  to  it.  In  the 
turbines  that  have  been  built,  the  actual  peripheral,  velocity 
varies  between  about  1,400  feet  per  second  in  the  larger  sizes; 
and  about  500  feet  per  second  in  the  smaller  sizes.  In  com- 
parison with  existing  machinery  and  other  types  of  steam 
turbines,  these  velocities  are  exceedingly  high,  and  have 
necessitated  the  solution  of  sortie  very  interesting  theoretical 
problems,  such  as  the  calculating  of  the  strains  in  wheels  revolv- 
ing at  high  speeds,  determination  of  flexible  shafts  suitable  for 
carrying  these  wheels,  etc.  These  theories  would  occupy  too  much 
space  to  enimierate  here,  and  as  they  have  been  published  in  the 
technical  literature,  we  have  omitted  them.  We  would  especially 
refer  to  a  book  on  the  steam  turbine  "  Die  Dampfturbinen  und 
die  Aussichten  der  Warmekraftmaschinen,"  by  Dr.  A.  Stodola,  of 
Switzerland,  where,  apart  from  some  slight  inaccuracies,  the  said 
theories  have  been  published  in  an  exhaustive  and  able  manner. 
This  book  is  now  being  translated  into  English  by  Dr.  Lewis  C. 
Loewenstein,  Instructor  in  Mechanical  Engineering  at  Lehigh 
University,  and  will  be  on  the  market  in  about  two  months.  This 
book  also  contains  that  part  of  thermodynamics,  dealing  with  the 
outflow  of  steam  through  nozzles,  and  the  determination  of  ex- 
panding steam  nozzles,  as  well  as  the  efficiencies  obtainable  from 
the  work  of  the  steam  turbines. 

5.  The  diameters  of  the  turbine  wheels  are  such,  in  relation 
to  the  given  peripheral  velocities,  that  the  speeds  run  from 
10,600  revolutions  per  minute  for  the  largest  size,  to  30,000  revo- 
lutions per  minute  for  the  smallest  size.  These  speeds  are  re- 
duced approximately  10  to  1,  by  helical  gearing,  giving  driving 
shaft  speeds  of  900  to  3,000  revolutions  per  minute.  A  single 
gear  wlieel  is  provided  in  the  smaller  types  (see  Fi^-.  504),  and  in 
the  larger  sizes  they  are  double  (see  Eig.  505).    If  the  larger  types 
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Bsure  between  the  teeth  of  the  gear  and  tlio  pinion,  would 
freat  at  these  sjn-cils;  tlierc-fore,  the  gears  are  made  double 


1060 


THE  DE   LAVAL   STEAM   TtTHBINZ. 


BO  that  half  the  load  js  taken  by  each  wheel,  the  gear  pressure  on 
oae  Bide  of  the  pinion  balancing  the  pressure  on  the  other  side, 
thus  eliminating  the  pressure  in  the  pinion  hearings. 

The  characteristic  high  velocities  of  the  principal  parts  of 
the  De  Laval  Turbine  also  create  some  interesting  practical  prob- 
lems. 
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will  first  consider  the  turbine  wheel  itself,  whicli  is  shown 
in  Fig.  506.  The  wheel  is  designed  with  a  factor  of  safety 
I  speed  of  about  8,  ami  with  radial  and  tangential  stresses 
e  centrifugal  force  eonstant  throughout  the  wheel.  The 
the  wheel  ia  8  logarithmic  eiirve  asymptotic  to  the  radial 
'mmetry  of  the  wbeel  section.  The  buckets,  which  are 
nto  milled  slots  in  the  rim  of  the  wheel,  when  actuated 


I 


'ugal  force,  load  the  solid  wlionl  b<xly  at  its  onte.r  periph- 
amount  cijuiil  to  I  be  fentrifiigal  stresses  in  the  body. 
sea  vary  with  the  wjuare  of  the  speed,  and  with  in- 
ipeed  they  will  grntiiiiiUy  increase  to  a  jwint  when)  thii 
1  burst. 

pite  of  speed  reguliitiiig  mechanism  and  safety  Htojw,  a 
any  kind  might  race,  as  all  regulating  devicos  are  liable 
;ement,  and  safety  stops,  which  as  n  rule  are  ^eldoro 
etimes  fail  to  opet-;ilc.     This,  of  course,  applies  also  to 


pieces,  which,  on  account  of  their  small  size, 
anv  (lamai'o  to  the  wheel  case.  At  the  rnonu 
tiu^  wlieel,  the  stresses  in  the  solid  wheel  bod 
reihiced,  at  the  same  time  the  wheel  becomes  i 
the  cleanince  between  the  heavy  hub  of  the  wl 
beann<^s  in  tlu^  surrounding  Avheel  easing  i: 
hul»  of  the  wheel  vnll  come  in  contact  witli  tin 
cientlv  act  as  a  brake  on  the  wheel,  and  brim 
short  time,  as  with  the  buckets  gone,  the  steam 
ever  on  the  wheel.  Exhaustive  experiments  1 
statements,  it  liaving  been  found  that  turbii 
this  decrease  in  section  at  the  outer  periphery 
been  speeded  up,  would  burst  through  the  een1 
heavv  pii^'cSj  wliicli,  at  the  high  velocity,  a  whc 
pr<>jK)rti(His  would  not  resist.  Such  pfeces 
throiiiiii  :m  ex})erimental  wheel  ease  of  st-ee 
\\'i\]]<  2  indices  thick.  With  the  wheels  as  nu 
:ire  jierl'i ctly  safe,  and  in  the  event  of  the  riii 
»l;iiii;ii:«'  will  resull  except  to  the  wheel  itself. 

.S.  As  it  is  possible  to  design  a  turbine  wheel 
taiiin'iiiijil  <tres-es,  it  mierlit  be  asked  why  the  w 
-o  strtniir  tlmt  it  will  be  impossible,  with  tl 
v  lorities.  In  ruu  tliem  up  to  the  bursting  point. 
i>,  thjjt  ii.  would  be  too  expensive  and  not  pr 
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J  light.  This  is  eepecially  true  of  turbines  running  non- 
autensing.  In  condensing  turbines  _operating  with  very  high 
jcanin,  the  passive  resistances  are  sometimes  extremely  small, 
ud  even  if  the  governor  valve  throttles  the  steam  considerably 
■tlow  the  atmospheric  pressure,  the  remaining  pressure  may  be 
■dcient,  at  no  load,   to  increase  the  s)iei-il  ahove  the   noniial. 

0  prevent  this  speed  increase,  a  second  regulating  mechanism 
provided,  the  purpose  of  which  is  to  decrease  the  vacuum  in 

ke  wheel  case.  This  apparatus  consists  of  a  small  valve  which  is 
Irectly  actuated  by  the  governor,  but  only  after  the  governor 
■Ive  in  the  steam  line  has  been  shut  off.  This  valve  either  lets 
ir  into  the  wheel  case,  decreasing  the  vae\uini,  or  in  such  casea 
"iere  the  vacuum  in  the  condenser  must  he  maintained  for  other 
uchines,  it  admits  air  into  a  regulating  valve  mechanism  placed 

1  the  exhaust  line  of  the  turbine.  When  air  is  let  into  this  valve, 
t  more  or  less  slmts  off  the  communication  between  the  wheel 
ue  and  the  condenser,  thereby  raising  the  pressure  in  the  wheel 
ue,  which  then  increases  the  passive  rewistanecs  of  the  wheel, 
nd  checks  the  expansion  o£  the  steam  in  the  nozzles,  and,  together 
ith  the  steam  throttle  valve,  liolds  the  speed  witiiin  the  normal 
mils.  In  case  of  accident  to  the  governor  valve  mechanism  this 
ir  valve  will  also  ofFeotually  prevent  destructive  racing. 

10.  The  peripheral  velocity  of  the  gear  wheels  is  about  100  feet 
sr  second.  The  pinion  is  made  of  high-grade  high-carbon 
Ticiblc  or  nickel  steel.  The  gear  wheels  are  made  of  soft  steel 
E  low  carbon.  Tho  teeth  are  carefully  generated  at  an  angle 
ith  the  shaft  center  and  the  pitch  is  very  small,  iiisiinng  n 
nooth  contact  with  a  niinimnm  amount  of  noise.  Tho  iinii*e  can- 
>t  be  entirely  eliniinated,  but  witli  great  cure  in  cutting  the  tooth, 
id  giving  close  attention  to  alignment  and  center  distances,  it 
ifl  been  possible  to  reduce  it  to  a  minimum  and  to  a  point  where 
is  in  most  cases  of  no  consequence.  The  gears  are  continually 
bricated,  but  with  a  very  small  amount  of  oil.  If  they  got  the 
■oper  amount  of  lubricjilion  and  care  is  Uiken  tliat  no  sharp  grit, 
;ch  as  cement  dust,  coal  dust,  or  the  like,  is  allowed  to  enter 
em,  they  will  operate  for  many  years  without  visiblft  wear.  The 
sare  are  encased  as  mueh  as  possible,  to  prevent  tho  entrance  of 
ist  or  foreign  matter.  The  gear  wheel.'*  wery  ori^nally  made 
'  bronze,  but  it  soon  developed  that  thi^  material,  as  a  rule,  bo- 
rne crystallized  afler  about  two  years  of  eontinnous  nperstion, 
hen  pieces  of  the  teeth  were  broken  off  and  destroyed  the  gears. 
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Steel  gears  have  now  been  in  operation  for  about  nine  years,  with- 
out showing  any  of  the  disadvantages  of  bronze. 

11.  Little  is  to  be  said  about  the  bearings.  They  are  all  lined 
with  white  metal.  The  low-speed  bearings  for  the  gear  shafts 
are  similar  to  bearings  for  electrical  machinery  of  same  speed, 
and  are  provided  with  ring  oilers.  King  oiling,  on  the  other 
hand,  has  not  proven  to  be  satisfactory  for  the  high  speed  bear- 
ings. The  turbine  wheel  shaft  usually  vibrates  slightly,  which 
is  communicated  to  the  oil  rings,  they  then  refuse  to  follow  the 
shaft,  and  consequently  do  not  furnish  proper  lubrication.  It  is 
also  found  that  the  temperature  of  the  oil  in  this  case  will  increase 
too  much,  and  drip  lubrication  has  been  found  more  satisfactory, 
only  a  small  quantity  of  oil  being  required.  With  the  high  speed 
it  is  very  important  that  the  lubrication  should  not  be  interrupted, 
as  it  takes  but  a  short  time  for  the  bearing  to  run  hot.  Wick 
lubrication  has  so  far  proven  the  most  reliable.  It  must,  however, 
be  arranged  so  that  the  oil  leaves  the  wick  tube  in  drops,  and  with 
a  sight  glass  below  the  tube  through  which  the  amount  of  feed 
can  be  ascertained.  The  oil  is  filtered  by  the  wick,  which  insures 
clean  oil  in  the  bearing,  and  the  oil  will  flow  as  long  as  any  oil 
remains  in  the  tank.  With  oil  tanks  of  ample  size  there  will  not 
be  much  attendance  required.  It  seems,  though,  in  the  present 
advanced  stage,  that  opposition  is  sometimes  met  with  in  having 
this  method  of  lubrication  used.  The  common  sight-feed  lubri-  , 
cator  with  such  a  small  number  of  dro}>s  as  are  required,  has  the 
disadvantage  of  a  very  small  opening  for  the  oil,  so  that  a  small 
amount  of  dirt  will  suddenly  interrupt  the  lubrication.  The  bear- 
ing will  then  immediately  heat.  Any  meclianical  arrangement  for 
forced  lubrication  is  in  itself  more  or  less  apt  to  get  out  of  order. 
It  is  all  right  for  slow-speed  machinery,  which,  in  case  of  inter- 
ruption of  the  oiling,  can  run  a  considerable  time  on  the  oil 
already  supplied,  and  until  the  trouble  can  be  discovered  and 
remedied;  but  it  is  more  or  less  uncertain  for  high-speed  ap- 
paratus. 

12.  It  might  be  interesting  to  touch  on  the  practical  difficul- 
ties which  tlie  De  Laval  Steam  Turbine,  like  any  other  radically 
new  machine,  was  compelled  to  meet,  after  it  had  been  put  on 
the  market.  The  turbine  naturally  had  its  troubles  from  defects 
due  to  faulty  material  and  workmanship,  but  these  have  been 
remedied.  There  have  been  troubles  with  bearings  becoming 
overheated.     This  was  partly  due  to  faulty  workmanship,  but  in 
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many  cases  it  can  be  ascribed  to  the  lubrication,  either  to  failure 
in  kci?|iiiifr  tlic  oil  i-psrrvoir  filletl,  or  pUv  t'l  the  sight-ft-ed  lubrica- 
tors, wiiieli  in  themselves  mij;ht  have  caused  trouble.  As  more 
machines  have  been  put  on  the  market,  they  have  become  more 
fully  understood,  and  are  therefore  receiving  bettor  attention; 
consequently  these  troubles  have  been  gradually  reduced.  Fur- 
thermore, there  has  been  trouble  witli  the  buckets.  It  has  some- 
times liappened  that  one  or  more  buckets  have  broken,  and  come 
out  of  the  turbine  wheel,  but  without  doing  any  further  damage. 
Generally  the  turbine,  after  losing  n  bucket,  can  be  continued  in 
operation,  a;*  the  turbine  shaft  is  sutRciently  flexible  to  take  care 
of  the  nnbalancing,  though  it  is  best  to  take  out  the  turbine  wheel 
and  replace  the  buckets.  The  only  explanation  of  these  troubles 
is  that  the  buckets  are  subjected  to  vibratory  strains  of  more  or 
less  unknown  origin,  as  their  ability  to  withstand  centrifugal 
force  and  the  action  of  the  steam  jet  is  amply  sufficient.  In  the 
smaller  sizes,  below  100  horse-power,  broken  buckets  have  been 
very  rare.  J»  the  larger  sizes,  it  has  been  somewhat  more  fre- 
quent. Although  the  causes  of  bucket  breakage  arc  not  yet  rc- 
curafely  determined,  it  has  been  possible  to  remedy  the  trouble 
where  it  has  neciirreil.  One  cause  of  the  undue  vibrations  of  the 
buckets  may  liave  its  source  in  the  turbine  wheel  itaelf,  which, 
if  not  lioiiingeneiins,  will,  under  action  of  the  coutrifugul  force, 
expand  unevenly  in  different  directions,  thereby  unbalancing 
and  caii'iiiir  viliration  nf  the  wheel  iit  full  speed.  This  trouble 
has  been  nvereuiiie  by  n-pluciiig  the  wheel.  Tin-  buckets  are  also 
subject  1"  mure  or  less  wear  duo  to  the  action  of  the  Hteani.  The 
cau^e  of  tlii-  is  i\Un  \vvy  difficult  to  delprmine.  It  may  be  that 
the  bm-ket-^  arc  clieiiiieiilly  jifTccted  and  that  thin  filuw' of  oxide 
are  blown  away  by  the  stcaiii,  or  it  may  be  caused  by  mechanical 
wear  due  to  small  solid  particles  coming  with  the  steam,  such  m 
rust,  or  scale  from  the  jiipcs.  It  may  also  be  due  to  some  clectricnl 
jdicnomenii.  ]I«wcvcr  this  nniy  be,  it  is  a  fact  that  wear  takes 
l»hu'e  ami  it  is  very  dniilirfid  that  it  can  be  entirely  prevented. 
It  lias  been  found  in  a  few  cases  that  biickeW  have  been  worn 
out  in  a  year,  neces-iiatiiig  replacement.     In  other  cases  tlio  wear 

has  I n  very  s!is:lil.  ev.-n  after  a  run  of  four  to  five  years.    The 

wear  affeet-  only  llie  .-leiim  inlet  siile  -if  (he  buckets,  and  m'U 
only  inerca-e  thr  -train  i-onsiuni.tioti  in  a  .flight  degree.  In  testa 
made  on  a  lurbliie  of  100  horse-power,  where  the  edge  of  tlio 
buckets  had  been  worn  away  about  onc-t-istcenth  inch,  the  Btcuiii 
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consumption  was  about  5  per  cent,  luglier  tlian  with  new  buckets. 
The  wheel  and  buckets  are,  however,  so  designed  that  an  insertion 
of  a  new  set  o£  buckets  can  be  easily  made  at  a  small  cost. 

13.  In  looking  about  for  proper  fields  of  usefulness,  the  De 
Laval  Steam  Turbine,  in  common  with  other  steam  turbines,  first 
developed  the  direct  connected  electrical  unit,  no  difficulty  being 
met  in  adapting  both  direct  and  alternating  current  generators  for 
direct  connection  to  the  gear  shafts  at  their  moderate  speeds. 
In  many  cases  De  Laval  Turbines^  can  also  be  used,  with  advan- 
tage, for  belt  transmission. 

14,  However,  the  field  where  the  De  Laval  Turbine  i?  particu- 


Fio.  507.-55  H,  P,  TuiiBrsK  Pump. 


hirly  suitable  is  in  conncclion  witli  centrifugal  pumps;  these 
jiumps  require  certain  determined  velocities  to  enable  them,  at 
a  given  lift  and  water  quantity,  to  give  the  best  eificiency.  With 
the  De  Laval  Turbine  it  is  easy  to  produce  the  most  suitable 
velocities;  with  the  small  turbines,  having  one  gear  shaft,  foi*  , 
all  lifts  from  15  feet  to  150  feet,  and  with  the  large  turbines,  with 
two  gear  shafts,  for  lifts  from  40  feet  to  300  feet.  These  veloc- 
ities are  ofen  difficult  to  obtain  with  other  steam  motors.  Fig, 
607  shows  a  55  liorse-powcr  single  stage  turbine  pump. 

15,  For  a  greater  lift  the  centrifugal  pump  has  been  direfitly 
connected  to  the  high-speed  turbjnc  shaft.  The  pump  wheel  will 
then  revolve  with  a  velocity  of  10,000  to  30,000  revolutions  per 
minute,  depending  on  the  different  sizes.     The  pump  wheel  will 
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naturally  be  very  small,  and  will  not  prodnce  any  suction,  but 
must  be  fed  witli  another  pump,  wliicli  is  connected  ,to  the  gear 
shaft,  running  at  a  considerably  reduced  velocity.  Thia  latter 
pump  sucks  the  water  and  presses  it  into  the  high-speed  pump 
wheel;  which  then  gives  the  high  pressure  required.  Punijw 
of  this  type  have  been  made  for  lifts  up  to  a  normal  head  of  S50 
feet  on  a  single  wheel,  which,  at  a  decreased  water  quantity,  can 
go  up  to  1,000  feet,  the  small  pump  wheel  giving  an  efficiency 
of  about  64  per  cent.  They  have  in  some  cases  been  made,  and 
are  in  operation,  as  boiler  feed  pumps.  A  pump  of  this  type  is 
shown  in  Fig.  508. 

16.  Another  field  where  the  De  Laval  Turbine  is  well  adapted 
is  for  direct  connection  to  blowers  for  all  pressures  above  4  inches 
water,  for  which  a  blower  can  be  practically  built.  The  high 
velocity  of  the  turbine  being  particularly  suitable  for  this  purpose. 

17.  About  the  steam  consumption;  it  is  difficult  to  make  any 
general  statements.  It  varies  for  the  same  size  turbine  with  the 
steam  conditions,  in  about  the  same  manner  as  for  other  steam 
motors,  but  the  degree  of  variation  can  be  considerably  different 
for  the  various  sizes  of  turbines,  dependent  upon  the  diameter  and 
speed  of  the  turbine  wheel.  It  may  be  sufficient  to  give  here 
a  few  diagrams  shoH-ing  the  steam  consumption  of  different  sized 
turbines  under  more  or  less  favorable  conditions. 

IS.  Fig.  509  shows  the  result  of  a  test  of  a  10  kilowatt  non- 
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vrndensing  turbine  dynamo.  The  boiler  steam  pressure  is  140 
»«unds  per  square  inch;  steam  dry  saturated.  The  curve  I,  U, 
uJI,  IV  givTs  the  stt'am  conaiimptiou  per  kilowatt  hour  with  all 
c^eBiu  nozzles  open  during  the  varying  conditions  o£  the  load,  tho 
taovernor  valve  alone  having  to  take  care  of  this  variation  by 
b^brottling  the  steam  pres-siure.  The  curve  IV  shows  the  steam 
Bansuuiptiou  with  the  nozzles  shut  off  iu  proportion  to  the  vary- 
Sag  load.  In  this  manner  the  nozzles  will  be  supplied  iWth  steam 
mi  the  full  steam  pressure  at  all  times. 
"■  19.  Fig.  5111  shows  a  teat  made  on  a  !tO  horse-jiowersteaui  turbine 
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motor,  condensing,  with  S-'tj  inches  vacuum,  stoam  pressure  being 
liti^  pimiids  |H'r  wijunrc  inch  al)ovp  the  govcnnir  valve.  Hteani; 
dry  daturatcd.  The  four  different  curves  show  how  the  steam  con- 
sumption  per  brake  horse-power  varies  with  tlie  varying  load,  witll 
and  without  regulating  the  number  of  nozzles  opened. 

20,  Fig.  T)!!  wlmws  u  tist  made  oii  a  ;iO  horse-power  eteam  tur- 
liino  motor.  iioii-i-iukI, 'using,  with  different  steam  pressures  abovv 
the  K""''™"''  valve,  with  the  nozzles  puitflble  for  ihc  different  st^'nm 
pressure,  Tlie  curves  represent  respectively  35,  50,  75  and  100 
pounds  boiler  steam  preasnre  per  square  inch.  Tho  number  of 
nozzles  opened  have  been  varied  according  to  the  varying  load. 

lit.   [•■jg.  :.I:i  „li.,«^  ilie  result  of  a  te^it  rmide  oii  a  300  horsi- 
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power  attain  tiirliiiip,  Hti'ain  preasiire  about  200  pounds  per  square 
inch,  vacuum  about  27  inchoa.  The  curve  I,  II  ^vea  the  steam 
conaura]>tion  for  drv  aatnratcd  steam.  Tho  curve  III,  IV  gives  the 
constunptioQ  for  superheated  steam.  The  superheat  varied  from 
90  degrees  Fahr.  at  uiaxiiiiuiu  load  to  about  20  degrees  Fahr.  at 
the  smaller  loada. 
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22.  Figs.  513  and  514  are  curves  from  very  exhaustive  tests 
made  recently  by  Professor  Kent  and  Benton,  on  turbine  pumps. 
These  curves  in  themselves  need  no  further  explanation.  The 
curve  in  Fig,  513  is  obtained  from  a  jiump  shown  in  Fig.  508. 
The  curve  in  Fig.  514  from  a  pump  of  the  type  aho-wTi  in  Fig.  507. 

23.  In  the  foregoing,  some  frank  statements  have  been  made 
to  illustrate  the  difficult  theoretical  as  well  as  practical  problems 
encountered,  the  solution  of  which  have  produced  the  present 
successful  De  Laval  Steam  Turbine. 


Pis.  114.— Tests  by  J.  E.  Dentoh  and  Wm.  Keht, 


mscussioN.* 


Mr.  Charles  B.  Rearick: — I  do  not  really  represent  tne  paper, 
but  I  want  to  niakci  a  remark  or  two  that  bears  on  the  De  I^val 
machine,  and  I  widh  also  to  fiay  something  about  the  question  cf 
condensers.  On  the  question  of  ('ondensers,  I  think  the  point  of 
26  inches  vacuum  being  sufficient  U  very  well  taken,  but  it  would 
seem  that  the  amount  of  vacuum  is  for  the  engineer  to  determine. 
If  he  lias  a  condition  where  fuel  i.s  very  li>w  in  cost  it  follows  that 
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^he  can  afford  to  put  in  a  plant  at  low  cost  and  sacritico  ccmiiniiy, 

^iShi  the  other  hand,  if  his  fuel  is  comparatively  bish  he  can  easily 
-■j^fford  to  spend  a  little  more  money  for  his  i-ondenscr.  What  Is 
""ZSpx**!  i"  <>"P  ^'^^*^'  "light  not  he  good  in  another,  and  each  case 

:-^iould  he  dealt  with  in  reference  to  the  conditions  under  which 
-^'Sfiie  machine  will  operate,  as  to  cost  of  fuel,  cost  of  getting  water 

-^br  the  condenser,  and  other  points  that  enter  into  the  proposition. 
■^There  is  one  point  where  the  l>e  Laval  has  made  aome  progrofls, 
in' which  other  turbines  in  the  field,  in  the  United  States,  have  not 
done  anything,  and  I  expected  some  of  the  T)v  Laval  ppoplc  would 
r  be  here  to  say  something  in  that  connection.  I  regret  that  T  have 
^  not  any  actual  figures  as  to  the  number  of   I)e  Laval  machines 

-  driving  pumps  in  actual  service  to-day,  but  thi-rc  are  a  large  num- 

-  ber  varying  in  size  from  HO  horao-])ower  up  to  'Jii."'  horse-iK)Wi?r,  and 
H  I  believe  they  are  building  several  at  the  present  time  of  ;100  horse- 
~  power,  Tlicy  are  particularly  satisfactory  fnr  centriftigtil  pnnip 
~   work,   which   should  interest  engineers   in   geiierul,   sincfi   those 

-  punipa  generally  ."peaking  are  low  in  efficieney.     The  speed,*  of  | 

-  De   Tjaval  turbine  driving  shafts  enable  higher  efficiencies  for 

~    certain  lifts  tlian  can  be  gotten  at  the  lower  njiei-d^  nbtained  from  I 
3    engines.     Rome  of  these  eflieieneies  are  showing  up  as  high  as  7S' 
•;.    and  77,  and  some  of  the  larger  units  that  they  ure  building  are  ex- 
pected to  give  as  high  as  80  per  cent.    I  have  seen  actual  testa  of 
75   and   7(>  per  cent,   made   by  prominent   engineers,  Profeasor 
Denton  and  Professor  Kent  cimducting  them. 
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THE  BURNING  OF  TOWN  REFUSE, 

WITH  SPECIAL  REFERENCE  TO  THE  DESTRUCTORS  AT  BRUSSELS, 
WEST  HARTLEPOOL,   MOSS  SIDE,    AND   WESTMINSTER. 

BT  OEOROK  WATSON^  LEED8,  ENGLAND. 

Member,  Institution  of  Mechanical  Engineers. 

1.  Refuse  in  Great  Britain. — Town  refuse  in  Great  Britain 
varies  considerably  in  character  according  to  local  conditions,  but 
it  is  a  fairly  safe  generalization  to  say  that  it  consists  of  one-third 
by  weight  of  water,  one-third  combustible  matter,  and  one-third 
incombustible.  The  last  is  ^\dthd^awn  at  the  end  of  the  burning 
process  in  the  form  of  hard  clinker. 

The  combustible  material  is  largely  vegetable  and  putrescible 
matter,  but  it  includes,  in  the  United  Kingdom,  varying  quantities 
of  unburned  cinder  from  the  wasteful  open  fires  so  dear  to  the 
English  people  in  more  senses  than  one.  This  cinder  is  muoh  more 
plentiful  in  winter  than  in  summer. 

2.  Continental  Refuse, — Cinder  is  almost  entirely  absent  from 
town  refuse  on  the  Continent  of  Europe,  where  clased  stoves  are 
used,  producing  a  fine  incombustible  ash.  The  author  has  fre- 
quently proj>osed  tliat  the  fine  ash,  which  requires  no  treatment, 
should  be  collected  in  separate  bins  in  each  house,  and  not  taken 
to  the  destructor  at  all. 

3.  Collection, — The  nature  of  the  material  is  affected  largely  by 
method  of  collection,  which  varies  greatly  in  different  towns.  For 
instance,  in  Edinburgh  there  is  a  daily  collection,  the  inhabitants 
being  obliged  to  place  their  refuse  on  the  street  in  receptacles 
which  they  provide  themselves.  These  receptacles  are  usually  any- 
thing but  effective,  and  the  contents  are  spread  about  by  the  wind 
and  the  rag-pickers,  and  mixed  with  the  street  sapd;  sometimes  the 
same  cart  collects  both  street  swee})ings  nnd  refuse.    The  result  is 

*  Presented  at  tlie  Chicago  meeting.  May  and  June  1904,  of  the  American 
Society  of  Mechanical  Engineers,  and  forming  part  of  Volume  XXV.  of  the 
Transactions. 
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*■   "Very  light  sandy  material,  difficult  to  huni,  which  iiieaBures  no 
*^e8  than  80  cubic  feet  to  the  ton. 

In  Bradford,  Leeds  and  Sheffield,  on  the  other  hand,  many  large 
^*h-pits  are  used,  in  some  cases  combined  with  privies,  and  they 
^'e  only  cleaned  out  at  intervals  of  weeks  or  months.  At  one 
^^etructor  in  Bradford  the  refuse  contains  40  per  cent,  of  night- 
^'^il.  Under  such  conditions  the  refuse  is  wet  and  heavy,  meas- 
'**'ing  only  40  cubic  feet  to  the  ton. 

In  the  author's  opinion  the  prevailing  custom  of  reckoning  the 
^*taount  of  refuse  burned  by  weight  is  misleading,  and  better  com- 
parisons as  to  the  labor  involved  w^mld  be  got  by  reckoning  in 
'^Xibic  yards.  It  is  obvious  that  a  ton  of  bulky  refuse  requires 
**luch  more  labor  in  handling  than  a  ton  of  such  wet  and  heavy 
^tuff  as  is  collected  at  Bradford. 

4.  Refuse  as  Fuel. — Town  muck  is  so  lipterogeneous  that  it  in 
almost  impossible  to  compare  it  with  other  fuels  by  any  of  the 
T>rdinary  methods,  and,  in  particular,  calorimettir  tests  have  always 
%eemed  to  the  author  to  be  quite,  futile.  It  would  appear  imprac- 
ticable to  obtain  a  fair  sample  small  enough  to  go  into  a  calorimeter 
«f  a  material  comprising  garbage,  vegetable  refuso,  duet,  straw, 
paper,  rags,  bones,  broken  glass,  tin  cans.  wood,  cinders,  saeka,  old 
boots,  buckets,  water-cans,  casks,  carpits  and  huge  rolls  of  knmp- 
tulicon,  to  say  nothing  of  the  carcases  of  (-aLtle,  dogs,  cats  and  pigs, 
the  last  being  sometimes  brought  in  numbers  after  an  onthreak 
of  swine  fever.  Amongst  the  article**  gravely  r(?p^8t«>rcd  aa  having 
been  dcstroyi'd  at  one  of  tlie  early  Leids  destructora  was  "  ono  nea* 
serpent."  In  two  instances  parcels  of  oxplwivcB  have  found  their 
way  into  furnaces,  and  Mown  out  tht!  frotitM.  fortunately  without 
causing  iMxIily  injury  in  either  case.  To  stjitc  the  nature  of  the 
miacellaneons  rubbish  comprised  in  the  refuse  of  townit  is  to 
deraonatrate  at  once  its  nnsnitability  for  agricultural  manure,  and 
the  danger  of  allowing  it  to  accumulate. 

5.  Refuse  as  Manure. — No  farmer  cares  to  cover  hifl  fields  with 
broken  glass  and  tin  cans,  and  in  the  few  instances,  such  as  at 
Manchester  and  (JIasgow,  where  some  of  ihe  rubbish  in  taken  by 
farmers,  it  has  to  1h>  first  sorted  and  ground,  and  then  transported 
long  distances  free  nf  chargt!  by  the  (^orjioratjon  at  a  cost  exeeed- 
injc  that  of  destruction  by  fire. 

0,  Danger  to  /AmWf.— .\ccunmIations  of  this  material  invoWc 
the  twofold  danger  of  lowered  vitality  owing  to  an  impure  atmos- 
phere, and  direct  propagation  of  disease  through  poiHonoun  germs 
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carried  by  flies,  rats,  dust  particles,  running  water  and  other 
agencies.  Refuse  heaps  also  frequently  occasion  great  nuisance 
and  expense  by  spontaneous  combustion.  "  Destruction  "  of  refuse 
is  a  somewhat  scientific  term,  but  it  serves  to  distinguish  the 
method  of  disposal  by  fire  from  the  reduction  or  digestion  processes 
used  in  the  United  States  for  recovery  of  grease  and  other  matters, 
and  from  the  slower  process  of  nature,  involved  in  disposal  by 
dumping,  which  have  been  sometimes  referred  to  as  the  "  method 
of  putrefaction." 

The  author  does  not  prbpose  to  go  through  the  history  of 
destructors  in  Great  Britain,  where  they  originated.  The  late  Mr. 
Alfred  Fryer,  of  Nottingham,  was  the  pioneer,  and  built  his  first 
successful  destructor  in  1875.  It  may  be  thought  that  nearly 
thirty  years  is  a  long  time  for  the  development  which  has  taken 
place  to  have  occupied.  It  must  be  remembered,  however,  that 
being  dependent  upon  municipal  enterprise,  rapid  advance  has 
only  been  possible  in  recent  years. 

The  author  regrets  to  say  that^  in  spite  of  the  demonstrations 
made  many  years  ago  of  the  danger  of  filling  old  pits  and  hollows 
with  this  material,  the  practice  of  doing  so,  and  of  afterwards 
erecting  dwelling  houses  upon  it,  has  prevailed  in  most  towns  and 
cities  in  spite  of  all  sanitary  considerations,  and  has  only  given 
way  to  the  use  of  destructors  when  every  pit  and  hollow  within  the 
municipal  boundary  has  been  filled. 

In  passing  over  the  history  of  the  development  of  destructors, 
the  author  is  also  obliged  to  omit  reference  to  many  types  which 
have  proved  successful,  and  have  served  to  advance  the  general 
practice,  and  to  many  names  honorably  associated  with  such 
advance;  and  in  dealing  later  with  the  details  of  certain  installa- 
tions has  thought  it  best  to  confine  himself  strictly  to  his  own 
experience.  He  will  therefore  deal  only  with  plants  on  one  par- 
ticular system;  at  the  same  time  remarking  that  there  are  many 
other  destructors  of  different  tyx)es  in  use  which  reflect  the  greatest 
credit  on  all  concerned. 

7.  Natural  Draught. — The  earlier  destructors  were  all  upon  the 
natural-draught  system,  with  slow  combustion,  low  temperatures, 
and  little  or  no  provision  for  raising  steam.  In  charging  and 
clinkering  the  furnaces  large  doors  were  kej^t  open  for  about  one- 
third  of  the  time,  and  the  strong  ohimney  draught  above  the  grates 
necessarily  drew  in  tons  of  cold  air  over  the  fire  through 
such  openings,  making  high  furnace-heats  inii)ossible.    Frequent 
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ownplaiats  of  nuisances  from  the  chimney  shafts  caused  by  stinks 
and  dust  resulted. 

8.  Fume  Cremators. — Fumo  cremators,  introduced  by  Mr. 
Jones,  the  borough  engineer  of  EaHng,  wore  added  in  many  cases, 
consisting  of  secondary  fires  in  the  flues  fed  with  coal  or  coke,  over 
■which  the  products  of  combustion  had  to  pass,  tlius  scorahing 
them  and  largely  obviating  the  nuisance.  These  fume  cremators 
certainly  rendered  a  continuance  of  working  possible  in  many 
cases,  but  owing  to  the  high  cost  for  fuel  they  were  not  always 
regularly  worked. 

!).  Mainfeiinnre. — One  advantage  of  natural  draught  and  low 
temperatures  was  that  the  brickwork  was  easily  maintained,  anil 
furnaces  of  the  nmst  ordinary-  constniction  have  been  found  to 
last  fifteen  or  sixteen  years  without  much  expense  in  renewing  Uio 
fire-brick  linings.  Even  to-da_v  engineers  are  found  who  advocate 
low  temperatures  on  this  account. 

10.  Ilig}i  Temperatures. — Modem  plants  working  at  high  tem- 
peratures witli  forced  draught,  and  mth  steam-raising  as  one 
of  the  most  im]x>rtant  objects,  involve  much  more  difficult  pn>b- 
lems  as  regards  construction  ami  maintenance,  and  also  as  regards 
the  protection  of  the  stokers  from  heat  and  back-draught.  No 
ironwork  can  last  hmg  in  a  modern  destructor  unless  cooled  in 
some  special  manner,  and  cotitrivnuces  such  as  dampers  within 
the  furnace  for  closing  or  partly  closing  the  draught  outlet  when 
the  furnace  dtmr  is  o|>cncd,  havf  liceome  not  only" auiK-rfluons  but 
impraeticahh'.  Tlie  author  has  It'Hrncd  to  look  with  the  greatest 
distrust  u]>on  any  supjioscd  inipnivcment  involving  the  iiiti^diK!- 
tion  of  iin|)rotci-t<>(l  irniiwurk  !nt<i  the  hut  funiaces  or  flues. 

11.  .'^lorni/r  (if  lleiil. — In  higIi-rciri[H>mturo  furnnce«  heat  is 
stored  in  the  hrick^vork  to  su<>h  an  extent  that  the  furnace  arch 
hardly  ceases  to  gl.nv  even  when  nearly  a  ton  of  cold  refiise  has 
been  freshly  ehiii^d.  and  consequently  the  temperature  doe*  not 
fall  below  the  jiKiiit,  sjiy  1,2.^0  degrees  Fahr,,  at  which  a^ptifl 
gases  might  Iw  given  off. 

12.  Plfuvm  Si/nlnii.—'So  one  has  contributed  more  to  tho 
attainment  of  sueh  teiiiperutures  than  Mr.  William  Ilomfnll,  of 
Leeds,  who  first  iutniduerd  the  plenum  system  and  the  front 
exhaust  flue,  Kei-ogniziup  thai  llie  principal  cause  of  low  tempera- 
tun's  in  the  old  mitural-drauglit  furnaces  was  the  inrush  of  a  large 
excess  of  cold  air  over  the  fire  during  iiu>  lengthy  proeeeaes  of 
charging  and  cliukering,  ho  set  himitelf  io  apply  forced  draught 
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on  the  closed  ash-pit  system,  first  by  means  of  fans  and  later 
by  steam  blast,  and  this  enabled  him  to  choke  the  furnace  outlet 
in  such  a  manner  as  to  always  maintain  a  slight  pressure  above  the 
atmosphere  within  the  furnace,  thus  absolutely  preventing  the 
admission  of  cold  air  when  the  furnace  doors  were  open  and  allow- 
ing loose  fitting  doors  to  be  used. 

13.  Front  Exhaust. — He  placed  his  exhaust  flue  in  the  front 
portion  of  the  furnace  arch,  thus  reversing  the  draught  and 
bringing  all  the  fumes  given  off  by  the  refuse  drying  on  the 
hearth  over  the  hot  fire  and  "  cremating ''  them  effectually  within 
the  furnace  itself. 

14.  Steam  Eaising, — An  important  result  of  the  introduction 
of  high-temperature  destructors  has  been  that  town  refuse  has 
now  come  to  be  regarded  in  some  quarters  as  fuel.  When  it  is 
remembered  that  the  combustible  matter  in  the  charge  is,  say, 
only  one-third  by  weight  of  the  whole,  the  claims  which  have  been 
put  forward  of  a  commercial  evaporation  of  three  poimds  of 
water  to  high-pressure  steam  per  pound  of  muck  can  only  be 
regarded  as  ridiculous,  for  they  would  place  the  combustible 
portion  of  the  material  on  a  level  with  best  Welsh  coal.  It  ia  to 
be  regretted  that  inventors  have  come  forward  from  time  to  time 
offerings  guarantees  of  such  results  in  regular  working.  Their 
claims  can  only  be  accounted  for  by  their  lack  of  experience. 
Failure  in  the  fulfilment  of  such  guarantees  under  contract  have 
led  to  a  serious  reaction,  and  there  is  now  a  tendency  to  discredit 
altogether  the  possibility  of  steam-raising  from  town  refuse.  As 
usual  the  truth  is  found  between  the  two  extremes. 

15.  Steam  as  a  By-Product. — The  great  value  of  steam  as  a  by- 
product of  a  destructor  plant  designed  primarily  for  the  disposal 
of  the  muck  (but  well  arranged  for  the  production  and  utilization 
of  the  steam)  has  been  amply  demonstrated.  It  may  now  be  laid 
down  with  perfect  confidence  that,  on  an  average,  town  refuse  in 
Great  Britain  may  be  expected  to  evaporate  in  every-day  working 
its  own  weight  of  water  from  and  at  212  degrees  Fahr.  In  many 
places  it  is  safe  to  guarantee  1  pound  of  steam  per  1  pound  of 
refuse  in  summer  and  1|  pounds  in  winter.  As  much  as  1.5 
pounds  may  be  got  on  test  with  careful  management,  as  will  be 
seen  in  the  record  of  a  test  at  West  Hartlepool,  given  in  Ap- 
pendix 1. 

The  value  of  the  refuse  as  fuel  varies  considerably  in  different 
districts,  and  according  to  the  season  and  the  amount  of  coal  used 
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by  each  household.  In  some  colliery  districts  tlic  miners  are  pro- 
vided with  coal  free  of  charge,  and,  as  might  be  expected,  the 
best  steam-raising  refuse  is  to  be  met  witli  there. 

On  the  other  hand,  the  author  has  had  experience  of  seaside 

towna,  such  as  Lowestoft  and  Rariisgate,  where  in  hot  weather 

"  liardly  any  coal  fires  are  found  (gas-stovea  being  nsed  for  cooking); 

ud  the  refuse  consists  largely  of  garden  rubbish,  garbage,  and 

"^bad  fish — poor  stuff  for  steam-raising. 

In  wood-burning  countries,  and  where  closed  stoves  are  used, 
not  only  does  the  absence  of  cinder  mean  a  very  poor  fuel,  but  the  ' 
fine  asli  (if  collected  witli  the  refuse)  has  a  tendency  to  surround 
and  choke  such  combustibles  as  may  he  present,  and  to  put  out  the 
fire  altogether. 

Ifi.  Hrfusc  Aiifo-Combiisfible. — Nevertheless,  the  author  has 
had,  up  to  tlio  present  thue,  no  exjierience  of  town  refuse  which 

—  was  not  auto-coiiibustible,  except  that  from  tlie  eastern  district 

—  (the  poorest  part)  of  Berlin.  Even  there  he  has  by  no  meanft. 
given  np  the  problem  of  burning  the  refuse  by  itself.     Montfr' 

"  Carlo  and  Peniambueo  are  placea  where  little  or  no  cinder  iBj 
found  in  the  muck,  and  yet  destructors  are  in  siiccessful  operatioiL 
■  at  each  of  these  without  the  addition  of  other  fuel. 

17.  High  Pressures  of  Steam. — To  revert  to  the  conditions  pre- 
vailing in  (Jrcat  lirituin,  it  used  to  l:>e  said  tJiat  high  pressures  o£ 
ateain  couhl  not  l)e  obtuined  from  (he  heat  of  destructors;  but  ft, 
consideration  of  (he  tem]H'rature  of  the  gaeos  leaving  the  destmo-' 
tor,  which  varies  from  1,71)0  dcgreew  Fahr.  to  2,000  degrees  Fahr.,,] 
might  have  sliown  the  fallacy.  Aa  a  matter  of  fact,  ftlcam  18  beiogf . 
obtained  at  Accrington  {with  a  "  i-ancaahiro"  boiler)  and  Mow 
Side,  Manchester  (with  "  Water-Tube  "  Imilers),  at  200  imind* 
per  square  inch,  while  pressures  of  V^O  ptmnda  per  squaro  inch  aro 
now  quite  conunon. 

The  conditions  for  (he  best  working  in  the  destruction  of  refuse 
are  identical  with  those  n-i|uireil  fir  efficient  steam- raising;  and 
with  high  temperatures  the  clinker  li  harder,  th»  working  morn 
rapid,  and  tho  chimney  clearer  of  *4iiioke. 

18.  Arrangrnifiii  of  Ci'JJs  luu!  HoUirg. — Tho  grouping  of  thn 
cells  and  boilers  is  un  imjmrlant  and  ui\k'\\  debated  «ibject.  Many 
early  designers,  atdidiing  gnat  imj>or(Bnce  to  the  radintioiis  froin 

,  the  burning  mass,  held  tliiit  the  heating  surfaces  of  tlio  boiler 
should  be  immedin(ely  over  the  fire,  and  as  close  to  it  as  pomible. 
It  is   almost  needless  to  say  that  the  results  were  disappointing 
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as  the  temperature  necessary  for  complete  combustion  was  never 
reached  at  all,  owing  to  the  cooling  effect  of  the  surfaces  of  the 
boiler. 

Later  developments  of  the  same  idea  are  still  in  evidence  in  the 
"  sandwiching  "  of  boilers  and  cells,  that  is,  the  placing  of  a  cell  on 
each  side  of  a  single  boiler  and  delivering  the  products  of  com- 
bustion through  side  openings  in  the  cells  directly  below  the  boiler 
tubes.  This  plan  is  much  more  satisfactory  than  the  earlier  one; 
but  the  chief  drawback  to  its  adoption  is  that  when  either  of  the 
cells  is  newly  charged,  and  the  gases  may  be  escaping  at  a  tem- 
perature below  what  is  necessary  for  complete  combustion,  they 
may  come  into  contact  with  the  cool  surfaces  of  the  boiler  un- 
consumed,  and  so  pass  away  to  the  chimney,  while  fluctuations  of 
steam  pressure  may  also  occur. 

In  the  author's  opinion,  the  best  grouping  of  cells  and  boilers  is 
to  arrange  the  cells  in  blocks  or  batteries  not  exceeding  six  or 
eight  in  number,  and  to  place  the  boiler  or  boilers  as  near  as 
possible  to  the  block  of  cells. 

In  the  case  of  the  back-to-back  cells,  arranged  in  such  a  block 
with  the  main  flue  underneath  them,  there  is  little  or  no  loss  by 
radiation,  as  the  main  flue  is  surrounded  by  cells.  At  the  same 
time  the  immense  advantage  is  secured  that  the  products  of  com- 
bustion from  all  the  cells  are  thoroughly  mixed  in  the  red-hot  flue 
before  passing  to  the  boiler,  and  thus  if  one  of  the  cells  happens  to 
be  somewhat  cooler  than  the  rest,  any  unburned  gases  that  may 
escape  from  it  are  thoroughly  burned  in  the  main  flue,  where 
there  is  always  some  excess  of  air.  All  the  heat  generated  in  the 
cells  is  carried  forward  by  the  hot  gases,  except  the  small  propor- 
tion which  escapes  by  radiation  from  the  outer  surfaces  of  the 
furnaces  themselves. 

With  batteries  of  cells  in  a  single  row,  Fig.  515,  it  is  also  possible 
to  arrange  that  the  loss  by  radiation  shall  be  small.  A  further 
advantage  is  that  the  cells,  being  close  tx)gether,  the  stokers  have 
less  floor  space  to  work  over,  and  the  arrangement  of  railways  or 
conveyors  for  removal  of  clinkers  is  simpler  than  with  boilers  and 
cells  alternately. 

19.  Worh'ng  in  liotation. — Under  good  management  the  work- 
ing of  the  cells  is  kept  strictly  in  rotation,  a  time-tiible  and  a  clock 
being  provided,  and  good  tiHie-kee])ing  in  charging  and  clinkering 
being  insisted  ii])on. 

20.  Constant  Pressure  of  Steam, — With  such  methods  the  tem- 
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of  the  gases  entering  the  boilers  may  be   maintaiaed 
K)nfitaQt,  and  the  old   complaint  of  the  stoaiu  pressure 


ng  disappears  entirely.  The  clirikcriug  and  charging  of 
1  takps  placo  every  oiif  and  a  half  to  two  hours,  according 
iture  of  the  materia!.    In  bouic  coaes  clinkering  every  hour 
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has  been  tried,  but  the  experience  of  the  author  is  that  a  loiter 
run  gives  a  harder  clinker,  and  a  better  result  all  round,  any 
small  loss  of  steaming  power  being  more  than  compensated  by 
reduced  labor  and  more  perfect  combustion.  The  capacity  per 
cell  depends  mainly  upon  the  grate  area,  and  the  strength  of  blast, 
but  also,  of  course,  very  greatly  upon  the  attention  of  the  firemen. 

21.  Blast, — With  refuse  for  fuel  it  is  extraordinary  how  soon 
a  high-pressure  blast  blows  the  fires  info  holes.  With  forced 
draught  on  the  closed  ash-pit  system,  a  few  minutes'  use  of  the 
rake  to  fill  up  the  blow^holes  will  increase  the  draught  gauge 
from  one-quarter  inch  to  over  an  inch  of  water  column.  In  some 
cases  a  draught  of  as  much  as  2  inches  is  used,  but  there  are  two 
great  disadvantages  to  such  pressures:  first,  that  much  more  labor 
is  required  (almost  constant  trimming  of  the  fires  being  necessary 
to  fill  the  blow-holes),  and,  second,  that  the  high  blast  sends  up 
quantities  of  hot  dust  and  sparks,  which  cake  on  the  roof  .of  the 
furnace  and  in  the  flues,  necessitating  constant  cleaning. 

22.  Grate  Area. — From  25  to  30  square  feet  of  grate  area 
has  usually  been  provided  in  each  cell  up  to  recent  years;  but,  of 
late,  cells  having  42  square  feet  of  grate  area  have  become  com- 
mon; and  also  much  smaller  cells  are  being  introduced  for  special 
purposes,  such  as  for  use  in  hospitals,  asylums  and  factories.  For 
plants  up  to  four  cells  furnaces  of  30  square  feet  of  grate  area  are 
most  suitable ;  but  for  larger  plants  furnaces  of  42  square  feet  are 
preferable,  as  the  use  of  larger  cells  reduces  the  cost  of  labor. 
The  length  of  the  grate  is  usually  6  feet  from  back  to  front  in 
both  sizes  of  cells.  It  is  customary  to  work  throughout  the  twenty- 
four  hours  for  six  days  a  week ;  but  in  some  cases,  where  steam  is 
only  required  for  night  work,  such  as  in  electric  Ughting,  the 
hours  of  working  have  been  reduced,  and  the  number  of  cells 
and  boilers  correspondingly  increased.  It  is  quite  possible  to 
bank  the  fires  for  twenty-four  hours,  and  even  longer,  so  that  they 
do  not  require  relighting  on  a  Monday  morning. 

For  the  purpose  of  illustrating  his  remarks,  the  author  has  pro- 
vided drawings  and  photographs  showing  several  different  types 
of  plant  in  connection  with  the  construction  of  which  he  has 
recently  been  employed.  The  installations  chosen  for  this  purpose 
are  those  at  Brussels  (twenty-four  cells,  Fig.  516),  West  Hartle- 
pool (twelve  cells,  Fig.  517),  Moss  Side,  Manchester  (six  cells. 
Fig.  518  and  Fig.  519),  and  Westminster  (six  cells.  Fig.  520  and 
Figs.  521  and  522).     Each  of  these  destructors  is  placed  in  a 
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sely  popiilateil  district,  and  all  are  in  full  operation  without 
«n{i  flny  iiiconvem<'ure  or  complaint. 

3.  Destnicfors  a(  Brussels  and  West  Hartlepool. — The  Brussels 
West  Hartlepool  fnrnaces,  Figs.  516  and  517,  are  of  the  back- 
H<'k  lypr,  fell  by  hand  throngh  holes  in  the  deck  on  the  top  of 
furnao-fi.    These  feed  holes  are  of  somewhat  peculiar  conslruc- 


;  Ibey  are  so  deslgiird  (bat,  no  !id  ie  reqiiired,  the  refusu  itrelf 
i|f  irnddcn  down  irtl^  Itic  holes  to  stop  them  up.  It  mil  readily 
I'CM  tli.nT  tlif  iiM-  iif  ;i  lid  on  n  derk  littered  with  nibbish  would 
■ery  iiirnTivi'iiiini,  \\\  nrdrr  ilial.  the  method  of  stopping  above 
■rri'd  u<  iiiiiy  l>r  u-rd.  fliiTc  is  provided  immediately  below 
feed-hoh'  (which  i-  i''minu>n  to  two  fnrnnce'si)  a  fiat  table  or 
ill-  po  arranged  ihnt  \v!m-ii  rL'fuse  is  dragged  or  shovelled  into 
b.ih-  nnri  idloiwd  In  li,.  „n  lb'-  saddle  it  fills  up  and  chokes  the 
liiijr,     WIlch  ii  i^  di'nirfd  io  cliarge  either  furnace  the  refuse 
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is  simply  pushed  off  tlie  saddle  with   a  prong — a  very  simple 
operation,  requiring  very  little  labor. 

The  dock  is  6  feet  below  the  level  of  the  tipping  floor,  thus 
forming  a  convenient  bunker  for  tlie  reception  and  storage  of  the 
muck  as  near  as  possible  to  the  feed-holes.  In  the  West  Hartlepool 
plant  the  deck  is  formed  of  steel  plate  separated  from  tlie  top  of 
the  furnace  by  an  air  space  in  order  that  it  may  be  kept  cool; 
while  at  Brussels  the  deck  ia  carried  entirely  by  tlie  furnaces  and 
is  formed  of  reinforced  concrete.  At  West  Hartlepool  the  refuse 
is  carted  up  an  inclined  way  with  a  gradient  of  one  in  twenty, 
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while  at  Brussels  there  are  two  electric  overhead  travelling  cranes, 
one  over  each  group  of  twelve  cells,  wliich  lift  the  cart-bodies  off 
tbo  wheels  and  dump  their  contents  on  to  the  decks.  The  latter 
system  has  also  been  adopted  at  Hamburg,  and  in  the  plant  now 
being  completed  at  Zurich. 

24.  Moss  Side  DeMrucior. — At  Moss  Side,  as  will  be  seen  on 
reference  to  the  drawing.  Fig.  518  and  Fig.  510,  the  six  eelle 
are  arranged  side  by  side  in  a  single  battery  with  the  two  water- 
tube  boilers  at  the  end  of  the  battery,  the  charging  openings  are 
at  the  back  of  the  furnaces,  and  are  provided  with  suitable  furnace 
doors.  These  doors  are  now  generally  planed  to  fit  their  frames, 
and  arc  lined  with  fire-bricks.  They  are  raised  and  lowered  by 
levers  and  balance  weights,  and  give  a  good  command  of  the 
furnaces,  which  slope  downwards  to  the  front. 

The  refuse  is  tipped  from  the  carta  irito  a  bunker  of  concrete, 
and  ha\'ing  a  sloping  back,  so  that  the  toe  of  the  heap  of  refuse  ii 
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never  far  from  the  surface  moutb,  into  wliich  it  is  thrown  by  a 
shovel.  This  method  would  seem  at  first  sight  to  involve  more 
labor  thnn  Iht^  top  feeding,  but  it  is  found  in  practice  that,  wJiile 
it  costs  iiioro  to  put  in  the  muck  with  a  shovel,  the  labor  in  front 
of  the  furnace  in  dragging  forward  and  trimming  is  correspond- 
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iiijrly  lessened. 
Ilartleiwd,  ivl 
etfsU  one-tliinl 


It  iiiiiy  he  vinrinrked,  however,  tlint  even  at  Weat 
re  the  refuse  i^  not  hnlky,  the  labor  of  char)?in{; 
f  llie  (itokLTB*  wages,  and  it  is,  therefore,  u  matter 
of  the  utmost  importance  lo  reduce  it  as  much  a»  pouiiblp. 

2Tt.  M'rsliiiiiiKirr  I/rfilnictor. — The  WostmiiiBtep  Dp»tnii?t»r, 
>l(iiwii  ill  l-'ig.  .'jn  jiiid  l-'igw.  iiHi  mid  '>22,  hni»  been  ereeted  on 
liie  Shot  TowfT  Wharf,  iit  the  muth  side  of  Waterloo  Bridge,  in 
iIm-  erritcr  '•(  \Uf  iiii'tnipoli-',  and  serves  a  di>»trict  of  which  Covcnt 
(uirdeii  .Murk-'l   iiiid   tbf  Strand  form  important  fcnturcs.     The 
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refuse  is  exceedingly  bulky,  consisting  largely  of  market  and  shop 
refuse,  paper,  packings,  straw,  and  all  kinds  of  light  material, 
measuring  not  leas  than  90  cubic  feet  to  the  ton.  To  feed  such 
stuff  by  means  of  a  shovel  would  be  very  eoetly,  and  therefore 
special  means  were  demanded.  The  conditions  have  been  met  by 
a  new  design  of  furnace,  into  wbicb  the  four-wheeled  collecting 
carts  and  steam  motor-wagons  tip  their  loads  direct,  no  storage 
being  provided  other  than  the  spare  carts  which  are  brought  in 
from  the  yard  and  discharged  as  re<iiiired.  Sufficient  spare  wagons 
are  provided  to  keep  the  destructor  in  full  operation  day  and  night. 
The  furnaces  are  six  in  number,  each  having  42  square  feet  of 
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grate  area.  They  are  arranged  back  to  back,  with  a  water-tube 
boiler  at  the  end  of  the  battery.  A  very  large  feed  hole,  6  feet  by 
4  feet,  is  common  to  two  furnaces,  there  being  thus  three  holes 
in  all. 

The  carts  can  be  brought  to  either  aide  of  the  feed-holes  to 
dump.  Great  difficulty  was  experienced  at  first  in  arriving  at  the 
correct  shape  for  the  feed-holes — that  is,  expanding  downwards, 
as  now  shown,  so  that  the  refuse  cannot  arch  over  in  the  furnace 
mouth.  A  worse  difficulty  was  that  of  getting  such  large  lids  as 
were  required  to  be  quite  smoketight  when  closed.  Metal  to  metal 
joints  and  grooves  filled  with  sand  were  in  turn  found  unsatisfac- 
tory, and  the  handling  of  such  heavy  lids  was  also  difficult.  Even- 
tually hinged  lids,  counterbalanced  by  weights  hung  from  volute 
quadrants,  so  as  to  be  perfectly  balanced  at  all  positions,  were 
adopted. 


^ 
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Each  lid  dip.-;  into  a  water-seal  wliich  surrounds  the  furnace 
3nouth,  the  water,  which  evaporates  slowly,  being  maintained  at 
■the  proper  levfl  by  a  ball  eock.  This  makes  a  perfectly  gas-tight 
joint,  and  not  only  is  the  trouble  of  smoke  from  the  feed-holes 
obviated,  but  it  is  found  that  the  absolute  tightness  of  the  joint, 
preventing  even  a  small  leakage,  causes  the  furnace  gases  to  pond 
up  beneath  thf  lid  and  to  remain  stagnant,  thus  forming  a  shield 
of  comparatively  c"  il  giis,  which  protect?  tho  lids  from  the  funiaee 


licat.  As  lon^  ii.-'  llii'vc  ivii-  any  leakage  at  all,  the  healed  gasei  J 
drew  that  way,  and  kept  the  furnaci"  mouths  «nd  lids  red  bo^  I 
whioh  caused  tlieiii  to  crack  and  givo  trouble, 

A  liopixT,  etinstnicted  of  wroiight-iron  plates  and  set  on  hing< 
in  a  position  at  right  angles  to  that  of  the  lid,  ia  lowereil  over  tl 
iil«'nitig.  so  iis  ri>  prevent  refuse  getting  into  the  wator-Beal,     Tbi 
liop])er  is  baliiiiced  iu  a  nitiiilar  manner  to  that  deM-rilK-d  for  thfl  i 
lids,  and  liolli  In.piH!-  ami  iiils  are  easily  worked  l>y  hand  by  means 
of  large  ehiiin  wliecls.     Tlie  lulwir  of  (■hargiiig  is  thus  saved,  thn 
muck  is  ne\-cr  liiiriijlnl  nt  nil,  but  shot  straight  into  the  furnaces. 
This  is  11(1  ailvjiiiliigc  t'rmii  a  sanitary  point  of  view,  but  it  ia  qoI^ 
universally  a]i|ii-i'eialed.  as  it  jiuts  ua  effeelivo  stop  to  tmde  in  \ 
nifr*,  bones,  ami  divtv  glass  bottles,  which  can  no  longer  be  pickod 
out  by  tliestokrrsiimi  sul<l. 
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Before  leaving  the  subject  of  the  Westminster  destructor,  which 
is  the  first  of  its  kind,  the  author  wishes  to  acknowledge  his  great 
indebtedness  to  the  Engineers  of  the  City,  Mr.  Bradley  and  Mr. 
Ventris,  and  to  Dr.  Priestly,  the  Medical  Officer  of  the  Health  of 
Lambeth  (whose  duty  it  was  to  inspect  the  working  of  the  plant) 
for  their  invaluable  aid  in  overcoming  the  initial  difficulties  of  the 
undertaking. 

The  author  has  already  remarked  that  he  would  like  to  see  the 
duty  of  destructors  reckoned  in  cubic  yards  rather  than  tons,  as 
giving  a  fairer  basis  of  comparison.  It  is  not,  however,  in  the  least 
likely  to  come  into  vogue,  since  the  wagon-weighing  machine  is 
such  a  simple  and  convenient  method  of  taking  the  quantities. 

26.  Labor  in  Working. — The  author  would,  however,  suggest  a 
further  reform  in  comparative  figures  to  the  effect  that  the  labor 
bill  in  working  the  furnaces  should  be  reckoned,  not  in  pence  or 
shillings  per  ton  (it  varies  even  in  England  from  sevenpence  half- 
penny at  Moss  Side  and  elsewhere  to  two  shillings  and  threepence 
at  several  London  destructors,  for  fumacemen  only),  but  in  tons 
dealt  with  per  man  per  hour.  This  would  eliminate  the  discre- 
pancies due  to  the  stokers'  wages  and  hours  of  labor  varying  so 
much  in  different  districts.  A  destructor  in  which  a  stoker  can 
deal  with  a  ton  per  hour  during  an  eight-hour  shift  may  be  con- 
sidered satisfactory,  and  this  is  being  attained  at  Westminster. 
There  can  be  no  doubt  that  a  very  large  saving  is  effected  in 
charging  direct  from  the  carts  in  the  case  of  a  destructor  dealing 
with  72  tons  of  bulky  refuse,  such  as  that  of  the  Strand  district, 
every  twenty-four  hours. 

27.  Mechanical  Stokers. — Many  attempts  have  been  made  to 
effect  the  operations  of  stoking  and  clinkering  by  mechanical 
grates,  but  hitherto  without  much  success.  Mechanical  grates  of 
many  kinds  have  been  tried,  and  large  sums  sunk  in  such  experi- 
ments. The  author  has  had  some  expensive  experience  in  this 
direction,  and  the  opinion  that  he  has  formed  is  that  any  attempt 
to  make  the  burning  process  continuous  instead  of  intermittent 
vnl\  fail,  unless  some  entirely  fresh  method  be  found.  The  quality 
of  the  refuse  as  fuel  is  too  poor  to  enable  the  fire  to  creep  back 
through  a  comparatively  thin  layer  of  it  as  fast  as  the  material 
must  be  moved  forward  to  give  anything  like  a  reasonable  output ; 
,and  after  the  mechanism  has  been  set  so  as  to  give  only  about 
tliree  of  four  tons  per  cell  per  twenty-four  hours,  it  has  been  found 
that  the  speed  was  too  great  for  the  fire,  which  was  very  soon 
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«U  ejected  from  the  furnace.  The  fuel  also  varies  so  muoh  that 
<me  part  of  the  fire  will  have  become  black  olinker  while  other 
parts  are  insufficiently  burned.  Trimming  and  cUnkering  l^  hand 
and  the  intermittent  system  of  firing  in  one-and-a-half  or  two- 
hour  heats  at  present  hold  the  field. 

28.  CUnkering. — The  operation  of  clinkering  is  one  requiring 
both  strength  and  skill.  The  mass  of  clinker  is  often  5  inches 
thick  over  the  whole  grate  surface,  and  in  breaking  it  up  and  with- 
drawing it  from  the  furnace  the  stoker  must  be  careful  to  turn 
it  over  so  as  to  throw  oflf  any  live  fire  on  the  top,  which  he  after- 
wards spreads  evenly  over  the  grate  for  the  purpose  of  lighting 
the  new  charge  of  refuse.  The  blast,  which  is  shut  off  during 
clinkering,  should  be  put  on  again  for  a  few  minutes  before^ 
charging,  so  as  to  prepare  a  bed  of  hot  fire  for  the  reception  of  the 
charge. 

Another  method  adopted  with  some  well-known  types  of  fumaoe 
is  to  feed  them  continuously  from  the  front  by  hand  and  to  clinker 
also  continuously  from  each  portion  of  the  grate  surface  in  turn* 
In  furnaces  both  fed  and  clinkered  at  the  front,  no  drying  hearth 
is  provided,  and  th(»re  is  therefore  no  preliminary  drying  of  the 
refuse.  This  system  is  adopted  by  the  author  for  small  portable 
destructors  and  furnaces  for  hospitals,  but  not  for  larger  installa- 
tions, on  account  of  the  higher  cost  of  labor.  Some  engineers  use 
continuous  grat(;s  without  any  division  into  cells  above  the  gratea, 
the  ash-pits  only  being  divided.  The  author,  however,  strongly 
favors  the  celluhir  system,  which  lends  itself  muoh  more  readily 
to  repairs,  as  one  cell  can  bo  repaired  at  a  time  without  stopping 
the  others,  thus  rendering  a  duplication  of  plant  quite  unneceasaiy. 

29.  Detailed  Description  of  Furnace. — ^The  different  methods  of 
charging  the  furnaces  having  been  described,  it  may  now  be  con- 
venient to  deal  with  the  details  of  those  parte  of  the  furnaces 
which  are  coninion  to  the  three  types  at  Westminster,  West 
Hartlepool,  Briiss(»ls  and  Moss  Side  respectively.  The  refuse  is 
first  piled  up  on  the  drying  hearth  above  the  main  flue  and  is 
afterwards  raked  from  the  front  on  to  the  grate-bars  as  may  be 
required.  The  drviiig  lu^arth  and  grate-bars  slope  down  about  one 
in  SIX  towards  the  furnace  front;  this  greatly  reduces  the  labor  of 
working  the  furnaces.  The  grate-bars  have  narrow  apacee — ftboat 
three-sixteenths  of  an  inch — and  are  made  in  single  lengths  of 
6  feet,  four  bars  bein^  cast  together.  This  enables  the  chieel  tools 
used  in  clinkering  to  be  worked  from  below  along  the  whole  longtii 

70 
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of  the  grate-bars  without  check.  A  wide  "  deadplate  "  is  provided 
in  front,  and  the  furnace  mouth  is  closed  by  a  door  extending  the 
full  width  of  thiB  furnace  and  lined  with  fire-brick  blocks.  The 
furnace  door  slides  upwards  to  open,  the  working  faces  being 
planed,  and  the  door  suspended  from  a  balanced  lever.  In  closing 
it  falls  into  wedge-shaped  catches  which  force  it  tight  against  its 
frame.  Such  doors  are  found  much  more,  suitable  than  hinged 
doors,  which  were  commonly  used  in  early  destructors,  as  the  latter 
exposed  their  red-hot  inner  surfaces  to  the  stoker  on  being  opened. 
In  each  main  furnace  door  is  fitted  a  small  rake-door,  just  large 
enough  to  admit  the  stoker's  rake  to  enable  him  to  trim  the  fire 
and  pull  down  the  muck  without  exposing  himself  to  the  heat  of 
the  furnace.  The  main  door  need  only  be  opened  for  the  opera- 
tion of  clinkering.  The  ash-pits  are  closed  by  suitable  air-tight 
doors,  and  are  sloped  every  way  towards  the  door,  to  facilitate  the 
removal  of  ashes, 

30.  Fireclays. — ^The  whole  of  the  interior  of  the  furnace  id 
constructed  of  specially  made  fireclay  blocks  of  the  best  quality, 
dovetailed  together,  and  all  of  the  arched  construction.  Flat  fire- 
clay lumps  over  openings  and  flues  are  found  to  crack.  Owing  to 
the  great  heats  attained  and  the  frequent  changes  of  temperature, 
it  is  necessary  to  select  the  fireclay  with  care,  to  avoid  troubles 
from  expansion  and  contraction.  Bricks  too  rich  in  silica  expand 
and  contract  far  too  much,  and  clays  which  answer  well  for  metal- 
lurgical purposes  are  often  found  too  brittle  for  destructor  work. 
The  fireclays  which  are  found  suitable  for  use  in  destructor  fur- 
naces neither  contract  nor  expand  under  heat,  and  are  able  to 
mthstand  frequent  changes  of  temperature,  the  maximum  being 
about  2,300  degrees  Fahr.  They  should  consist  of  from  60  to  70 
per  cent,  silica  and  30  to  40  per  cent,  alumina.  A  slight  admixture 
of  iron  is  harmless,  but  lime,  potash  and  soda,  which  are  usually 
found  in  such  clays,  should  only  be  present  in  very  small  quantities, 
as  they  tend  to  act  as  a  flux.  The  beds  of  fireclay  at  Leeds, 
Sheffield,  Glenboig,  near  Glasgow,  and  Stourbridge  are  all  of 
suitable  quality.  The  bricks  and  blocks  must  be  very  truly 
formed,  in  order  that  the  thinnest  possible  joints  may  be  made. 
It  is  also  important  that  the  fire-bricks  should  be  a  little  thicker 
than  the  conunon  bricks  with  which  they  have  to  bond,  because 
naturally  the  joints  in  the  common  brickwork  will  be  thicker  than 
would  be  desirable  in  the  fire-brick  work. 

31.  Fans  or  Steam-Blast — The  draught  is  forced  by  means  of 
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ifans  or  steam-jets.  The  question  as  to  which  gives  best  results^ 
•dry  air  or  steam-jet  blasts  is  frequently  debated.  A  blast  of  about 
one  inch  of  water  column  is  found  to  answer  best  with  average 
refuse.  The  use  of  higher  pressures  causes  the  fire  to  bum  into 
holes  too  frequently,  and  thus  causes  too  great  an  excess  of  air  to 
pass,  and  consequently  lowers  the  temperature. 

This  pressure  can  bo  obtained  easily  and  economically  either  by 
steam-jet  blast  or  by  a  centrifugal  fan.  For  working  at  a  rate  of 
10  tons  per  twenty-four  hours,  on  a  grate  area  of  30  square  feet, 
OP  at  a  rate,  say,  30  pounds  of  refuse  per  square  foot  of  grate  per 
hour,  a  volume  of  about  700  cubic  feet  of  air  per  minute  at  at- 
mospheric pressure  and  temperature  for  each  cell  is  required,  or, 
say,  23  cubic  feet  of  air  per  minute  for  every  square  foot  or  grate 
area  in  use.  To  deliver  this  quantity  of  air  at  the  requisite 
pressure  requires,  with  an  efficient  steam-blast  apparatus,  about 
100  pounds  of  steam  per  hour  for  each  cell  of  30  square  feet  grate 
area,  whereas  with  a  good  centrifugal  fan  only  one-fifth  of  this 
amount,  or,  say,  20  pounds  of  steam  per  hour,  is  needed.  To 
compensate  for  the  larger  consumption  of  the  steam-jets,  it  may 
be  stated  that  they  give  a  higher  temperature  and  evaporation 
than  the  dry-air  blast,  provided  that  the  refuse  is  rich  enough  in 
carbon  to  give  the  necessary  temperature  for  the  dissociation  of 
the  steam,  which  f onus  water-gas  in  the  furnace,  and  which  greatly 
improves  the  combustion.  This  action  has  been  explained*  by 
Lord  Kelvin  and  Dr.  Archibald  Barr  in  the  following  words:  "  A 
more  important  function  is,  liowever,  fulfilled  by  the  steam.  In 
coming  into  contact  with  the  incandescent  fuel  it  is  decomposed, 
the  hydrogen  being  freed,  while  the  oxygen  combines  with  the 
carbon  in  the  iuol  to  fonu  carbon  monoxide.  This  decom.position 
of  the  water  is  effected  by  heat  abstracted  from  the  lower  part  of 
the  fire,  where  it  am  ho  of  comparatively  small  value  for  the  cre- 
mation of  the  (Hstillato.  The  *  water-gas'  (hydrogen  and  carbon 
monoxide)  passes  upwards  to  be  burned  by  the  excess  air  which  it 
meets  with  over  the  fire,  thus  serving  to  increase  the  temperature, 
which  would  otherwise  exist  at  the  meeting  of  the  products  of  com- 
bustion Avith  the  gases  distilled  from  the  raw  material 

The  importance  of  the  action  of  the  steam-jet  was  etrikingly 
exemplified  in  an  instance  which  came  under  the  observation  of  the 
author  at  Bury,  Lancashire,  where  in  a  new  destructor  it  was  not 


•  Report  on  the  "  HorefaU  Destrnctow,"  1896. 
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found  possible  to  reach  the  guaranteed  temperatures  in  the  flues 
by  means  of  dry-air  blast.  The  substitution  of  steam-blast  for  the 
fans  immediately  gave  and  maintained  the  required  temperature. 
It  is  fully  demonstrated  that,  provided  always  the  refuse  is  suffi- 
ciently rich  in  carbon,  a  steam-blast,  although  it  uses  more  steam 
for  the  draught,  yet  so  increases  the  amount  of  the  total  steam 
raised  as  to  give  a  better  steaming  result  on  the  whole  than  the 
fans.  With  the  refuse  of  Hamburg  and  Berlin,  however,  it  is 
doubtful  whether  the  same  can  be  said,  because  the  use  of  closed 
stoves  in  those  cities  renders  the  refuse  very  poor  as  regards  com- 
bustible cinders.  One  hundred  pounds  of  steam  used  in  the  blast 
for  each  cell  of  30  square  feet  grate  area  per  hour  may  be  con- 
sidered a  very  good  result  for  steam-blast,  and  it  can  only  be 
secured  by  using  efficient  arrangements. 

A  steam-jet  has  been  devised  by  Mr.  C.  W.  James,  in  conjunc- 
tion with  the  author,  for  this  purpose,  in  which  the  nozzle  is  flat 
instead  of  round,  thus  yielding  a  ribbon  of  steam  instead  of  a  plug 
of  steanL  It  is  probable  that  the  air  is  carried  through  the  blast- 
tube  mainly  by  means  of  surface  friction  between  the  jet  of  steam 
and  the  surrounding  column  of  air,  and  it  is  therefore  advantage- 
ous to  have  the  greatest  possible  surface  on  the  steam-jet  per 
pound  of  steam  passing.  This  is,  of  course,  obtained  by  making 
the  jet  flat  and  thin.  A  thickness  of  one-fortieth  of  an  inch  is 
found  best.  It  is  also  important  that  the  steam  should  be  super- 
heated, so  as  to  prevent  condensation  and  obstruction  in  the  nozzle 
itself.  A  pressure  of  30  to  40  poimds  to  the  square  inch  for  the 
steam-blast  gives  the  most  economical  results.  Reducing-valves 
are  used,  giving  this  pressure  whatever  may  be  the  working 
pressure  of  the  boiler. 

A  further  great  advantage  to  be  set  down  to  the  credit  of  the 
steam-blast,  as  compared  with  fan  draught,  is  the  fact  that  it  pro- 
tects and  lengthens  the  life  of  the  ironwork  exposed  to  heat  in  the 
furnaces,  such  as,  for  instance,  grate  bars  and  the  cast-iron  side- 
boxes  which  are  used  for  heating  the  blast.  After  leaving  the 
nozzle  the  steam  in  the  blast  is  condensed,  and  it  reaches  these 
iron  parts  in  the  form  of  particles  of  water.  On  striking  the  hot 
iron  it  is  immediately  re-evaporated  into  steam,  carrying  with  it  a 
considerable  amount  of  heat,  and  thus  keeping  down  the  tempera- 
ture of  the  ironwork.  The  author  has  seen  grate  bars  taken  out 
of  a  furnace  after  six  years'  constant  use  very  little  the  worse  for 
wear,  whereas  with  dry  air-blast  and  high  temperatures  the  grate 
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LIB  would  require  to  be  renewed  after  six  months  to  twelve 
XBtonths  at  the  latest. 

82.  Cast-iron  Furnace  Sides. — ^The  steam-jet  trumpets  used  in 
Itlie  West  Hartlepool  installation  are  combined  with  the  cast-iron 
•ide-boxes  which  form  the  sides  of  the  furnaces  above  and  below 
tihe  grate-bars.     These  side-boxes  serve  the  double  purpose  of 
JN^eating  the  blast  to  a  temperature  of  400  degrees  Fahr.  in  the  ash- 
pit and  of  protecting  the  brick-work  at  the  sides  of  the  furnace 
^Tom  the  undermining  action  of  the  hot  clinker.     In  furnaces 
"Vrith  brick-work  sides,  at  the  first  level  it  is  found  that  the  clinker 
■^uses  to  the  brick-work,  and  every  time  it  is  removed  brings  away 
Iparticles  of  the  wall,  thus  gradually  undermining  it,  and  allowing 
^e  crown  of  the  furnace  to  fall  before  it  is  anything  like  worn 
out    The  side-boxes,  which  are  kept  cool  by  the  passage  of  the 
cold  air  and  by  the  cooling  action  of  the  steam  above  described, 
prevent  this  action.    The  air  is  drawn  into  the  boxes  from  hoods, 
something  like  the  hood  over  a  blacksmith's  fire,  placed  over  the 
dinker-door  in  such  a  position  as  to  draw  off  any  smoke  and  dust 
rising  during  the  operation  of  clinkering.     This  improves  the 
ventilation  of  the  stoke-hole. 

33.  Firing  Tools, — The  firing  tools  consist  of  prongs  or  pushers 
for  charging  the  furnaces,  light  and  heavy  rakes,  for  pulling  down 
and  clinkering  respectively,  and  chisel  bars.  They  are  all  neces- 
sarily long,  and  any  means  of  making  them  lighter,  without  re- 
ducing their  strength,  is  worth  adopting.  It  is  found  a  good  plan 
to  use  a  weldless  steel  tube  for  rake  handles,  and  to  make  the  chisel 
bars  of  solid  masons'  tool  steel  in  order  to  get  the  greatest  possible 
strength. 

34.  Boilers, — In  the  early  destructor  plants  multitubular  boilers 
of  plain  cylindrical  shajK^,  with  fire-tubes  about  8  inches  or  4 
inches  in  dianietcr,  were  frequently  used.  One  of  tlie  most 
serious  drawbacks  to  the^e  was  the  fact  that  the  dust  carried  in 
the  gases  soon  c*li(>ked  np  tlu^  tulKJS,  which  had  to  bo  brushed  out 
three  or  four  times  in  the  course  of  a  day,  and  an  oven  worse 
defect  was  the  stiffness  of  the  boiler,  which  did  not  easily  yield  to 
expansion  and  contraction.  A  destructor  boiler,  placed  at  the  end 
of  the  main  flue,  is,  of  course,  really  a  gas-fired  boiler,  and  it  is 
subject  to  having  the  gases  switched  on  or  off  instantaneonsly. 

It  was  found  that  with  these  multitubular  boilers  the  tabes  very 
soon  began  to  leak  at  tlie  tube  plate;  moreover,  boUers  of  such  a 
large  diameter  as  were  generally  used  were  not  very  suitable  for 
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high  pressures,  tmless  they  were  constructed  in  a  very  expensive 
manner.  For  these  reasons  such  boilers  are  now  only  used  for 
very  small  installations,  or  where  steam-raising  is  a  matter  of  little 
importance. 

It  is  essential  that  a  boiler  which  permits  its  tubes  to  expand 
and  contract  very  freely  should  be  used. 

The  two  types  of  boiler  most  favored  at  the  present  time  in 
connection  with  destructors  are  the  Lancashire  type  and  the  water- 
tube  type.  The  former  has  the  advantage  of  large  capacity  for 
storage  of  hot  water  and  steam,  and  it  is  also  less  susceptible  to 
troubles  arising  from  hard  water,  but  it  is  found,  when  using 
destructor  gases,  that  the  flue  area  is  insufficient  unless  the  boiler 
be  made  larger  than  would  be  usually  adopted  for  the  same  rate  of 
evaporation  when  fired  in  the  ordinary  way  with  coal.  A  deposit 
of  dust  in  the  two  flues  of  the  boiler  is  not  a  very  serious  draw- 
back, as  the  boiler  is  easily  cleaned,  and  the  lower  half  of  the  flue 
is,  of  course,  less  valuable  as  heating  surface  than  the  upper  half. 
A  well-constructed  Lancashire  boiler  is  also  able  to  withstand  the 
effects  of  expansion  and  contraction,  due  to  the  hot  gases  being 
suddenly  switched  on  or  off  by  means  of  the  by-pass  damper. 

In  cases  where  the  destructor  has  to  work  continuously,  while 
the  power  is  only  required  for,  say,  three  or  four  hours  a  day  (so 
often  in  the  case  in  electricity  stations)  the  large  capacity  of  the 
Lancashire  boiler  for  storage  of  steam  power  is  very  valuable. 

The  water-tube  boiler,  however,  seems  destined  to  have  the 
preference  in  most  new  destructor  installations.  In  the  first  place, 
it  is  specially  adapted  for  high  pressures. 

Steam  is  raised  very  quickly,  which  is  a  great  advantage  in 
starting  the  destructor  at.the  beginning  of  each  week,  because  the 
forced  draught  cannot  be  put  into  operation  imtil  steam  has  been 
raised.  The  water-tube  boiler  is  well  adapted  for  resisting  the 
sudden  changes  of  temperature  to  which  it  is  subjected  in  a 
destructor,  and  it  provides  ample  area  for  the  passage  of  the  gases 
in  proportion  to  its  heating  surface.  It  has  another  great  advantage 
in  the  fact  that  dust  can  only  lodge  on  the  tops  of  the  tubes  (when 
in  proportion  to  its  heating  surface.  It  has  another  great  advan- 
tage in  the  fact  that  dust  can  only  lodge  on  the  tops  of  the  tubes 
(when  the  tubes  are  horizontal  or  sloping),  leaving  the  lower  sur- 
faces, which  are,  of  course,  the  most  effective,  always  clean.  The 
dust  can  be  readily  removed  by  means  of  steam-jets  applied 
through  suitable  cleaning  holes,  provided  in  the  brick-work  sides 
of  the  boiler  seating. 
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When  water-tube  boilers  witli  vertical,  or  nearly  vertical,  tubis 
n  nsed^  dust  cannot  lodge  at  uU,  and  as  there  is  no  soot  in 
Htrnetor  gases,  an  externally  olcau  beating  surface  ia  always 
resented.  It  may  also  be  remarked  that  boilers  of  the  water-tiibr 
rpe  can  be  arranged  closer  to  tlie  end  of  t!ie  battery  of  destruotoi 
rils,  and  the  damper  arrangements  can  be  made  more  convenient 
um  when  boilers  of  the  Lancashire  type  are  used. 

85.  Fuel  Economizers. — Seeing  that  tlie  destructor  depends 
loeh  more  upon  forced  draught  than  upon  the  pull  of  the  cliim- 
Bj^  it  is  economical  to  carry  the  reduction  of  the  temperature 
E  Uie  gases  at  the  chimney  base  to  a  low  point,  say  between  400 
agrees  and  500  degrees  Fahr.,  and  fuel  economizers  are  fre- 
aently  placed  in  the  flues  behind  the  boilers.  These  should  be, 
ke  the  boilers,  arranged  so  that  the  gases  can  be  by-paseed  at 
lort  notice. 

36.  Utilization  of  Heat. — The  heat  of  the  gases  from  destnic- 
T8,  although,  as  stated  above,  of  considerable  value,  is  unfor- 
aately  often  lost  through  lack  of  convenient  application  near  In 
.6  site  of  the  destructor.  It  ia  a  curious  fact  that,  althouj;'' 
BCtric-lighting  stations  only  demand  a  considerable  quuufily  ol' 
►wer  during  three  or  four  hours  per  diem,  the  combination  of 
atructors   with   electricity   stntions   is  the   commonest  method 

utilizing  the  heat.  There  arc,  however,  other  kinds  of  munici 
,1  work  that  can  absorb  a  fair  proportion  of  the  power  availablo. 
one-breaking,  crashing  and  screening  the  clinker  from  the 
istructors,  or  grinding  it  into  nmrtar,  ilriving  repairing  ^hoph^, 
wing,  chaff-cutting,  sewage  ami  wiiter-pninping,  heating  bath? 
id  wash-houses,  and  even  schock  and  dwellings,  have  been  car 
3d  out  in  different  places  by  means  of  the  steam  from  destructors. 

At  Moss  Side  (Manchester)  a  wnow  melting  pit  has  boon  coii- 
ructcd  by  the  Municipal  Engineer — Mr.  lyongley — in  which  a 
riea  of  pipes  bringing  steam  from  the  destructor  boilers  is  placed, 
heae  are  perforate<l  so  as  to  throw  jets  of  hot  steam  upon  tbo 
low  as  it  is  tipped  into  the  melting  ptt. 

At  Folkestone,  tlie  Borough  Engineer — Mr.  Nichols — has  con- 
ructed  heating  pans  on  the  flm  ;*  beyntid  tlie  ftconomiKor  for  the 
irpoee  of  warming  the  materia !.■<  for  use  in  forming  streets  of  tar 
'acadam. 

87.  Dust-catcher.^ A  dust-catebei-  has  Iwcn  placed  between  the 
jiler  and  the  eliimriev  in  the  iii-tiilliitions  at  Briiissek,  West 
iartlepool,  Moss  Side,  and  in  ni:iny  other  recent  destniclors.   Tbe 
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.  form  of  thiB  apparatus  has  been  devised  by  Messrs.  Newton 
higgle,  of  Aecrington,  in  eonjuTictinn  with  the  autlior,  ahd  it 
3t6  of  a  swirling  chamber,  into  whioh  the  gasoa  are  lod  from 
nain  flue  in  such  a  manner  a:*  to  give  them  a  circular  or 
ving  motion  within  the  chamber,  Fig.  523.  In  carrying 
rat  they  are  made  to  pass  round  an  annnhis  formed  by  the 

circular  wall  and  the  inner  well,  built  up  to  within  a  short 
ice  of  the  domed  or  arched  roof.  The  whole  of  the  interior 
ed  with  fire-brick  to  enable  the  apparatus  to  deal  with  red-hot 

when  the  boilers  are  not  in  use.    The  rapid  revolution  of  the 

within  this  chamber  throws  all  the  suspended  dust — even  the 
est  particles— against  the  outeide  wall  of  the  chamber  by 
ifugal  force. 

,  intervals,  vertical  slits  are  provided,  leading  into  pockets 
le  the  chamber. 

e  dust,  travelling  along  the  outer  wall,  finds  its  way  into  these 
md  thence  into  the  pockets,  where  the  gases  are  stagnant,  and 
e  the  dust  falls.  The  Tertical  elits  loading  into  these  pockets 
■e  closed  by  suitable  doors  hung  freely  on  ball-bearings  and  so 
iged  that  whenever  the  outer  chaning  door  of  the  pocket  is 
id  for  the  purpose  of  \vithdrawing  tlie  dust  the  door  covering 
mer  opening  is  closed  by  suction. 

ith  this  apparatus  it  is  possible  to  extract  the  dust  from  any 
I  of  the  pockets,  without  interfering  with  the  draught  of  the 
uctor.  This  is  important  when  destructors  are  combined 
electricity  stations,  as  at  Aecrington,  because  it  is  never  pnie- 
le  to  allow  the  flues  to  get  cool  enough  to  clean  out  by  hand, 
raly  the  dust-catcher  itself,  but  tlic  whole  of  tiio  flues  through- 
he  destructor  and  boiler  can  be  cleaned  by  simply  opening 
nd  doors,  and  allowing  the  wind  to  rush  through,  whipping  up 
rhole  of  the  dust  deposited  in  ihe  flups,  and  carrying  it  for- 

into  the  dust-catcher,  where  the  centrifugal  action  discharges 

0  the  pockets  above  described.  It  will  be  obecrved  that  the 
ger  the  draught,  the  more  comjiletc  is  the  separation  of  the 

,  Dampers. — Dampers   of   many   kinds,    including   cast-iron 

1  and  without  ribs),  wrought-iron  and  eti-el  plutoji  of  diffonmt 
nesses  have  been  tried.  Cast-iron  gas-valves,  with  cold-wnt«r 
lation,  have  also  been  extensively  used.  The  latter  were  buc- 
ul  until — as  always  happened  sooner  or  later — the  water  BHp- 
ras  interrui>tcd,  by  accident  or  de^^ign,  when  they  would  imnie- 
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diately  fail.  Experience  seems  to  point  to  a  damper  formed  of 
fire-b^ick  blocks  in  a  suitably  designed  castriron  frame  as  the  most 
reliable  for  general  purposes.  The  damper  should  be  set  in 
grooves  deep  enough  to  protect  the  frame  from  the  action  of  hot 
gases.  It  should  also  be  provided  with  suitable  means  for  making 
the  slit  at  the  top  practically  air-tight,  when  the  damper  is  either 
closed  or  open. 

The  author  has  recently  adopted  double  by-pass  dampers  for  the 
by-pass  to  the  boilers.  These  are  found  to  be  practically  gas-tight, 
as  the  damper  nearest  to  the  chimney  so  reduces  the  tension  of  the 
draught  that  the  leakage  past  the  second  damper,  with  which  the 
gases  come  earliest  in  contact,  is  negligible. 

39.  Chimneys. — A  dissertation  on  destructor  chimney  shafts 
would  be  out  of  place  in  a  paper  which  has  already  run  to  con- 
siderable length,  but  it  may  be  remarked  in  passing  that,  unless 
in  very  special  circiunstances,  a  destructor  chimney  need  not  ex- 
ceed from  100  feet  to  120  feet  in  height.  Even  at  the  West- 
minster destructor,  which  is,  as  before  stated,  in  the  heart  of 
London,  the  height  of  the  chimney  above  ground  line  is  only  90 
feet,  and  the  destructor  is  worked  without  complaint.  In  fact,  it 
may  be  said  that  it  is  diflScult  to  tell  by  observation  of  the  chimney 
whether  the  plant  is  at  work  or  not. 

Destructor  chimneys  should  be  constructed  to  withstand  the 
full  heat  of  the  gases,  which  are  sometimes  directed  into  them 
without  passing  through  either  boilers  or  economizers.  For  this 
reason  they  should  invariably  be  lined  to  the  top  with  fire-brick, 
and  it  is  good  practice  also  to  provide  an  air  space,  properly  ven- 
tilated, between  the  fire-brick  lining  and  the  outer  shell. 

40.  Clinker-handling. — ^To  come  now  to  some  of  the  machinery 
accessory  to  destructors,  it  may  be  mentioned  that  one  of  the  most 
important  points  is  the  handling  of  the  hot  clinker  as  it  is  with- 
drawn from  the  furnace.  At  Moss  Side,  and  also  at  Westminster, 
overhead  railways,  on  the  system  devised  by  Mr.  Cox,  City  En- 
gineer of  Bradford,  and  the  late  Mr.  McTaggart,  are  used.  These 
railways  consist  of  a  single  H  beam  suitably  suspended,  on  which  a 
small  trolley,  with  ball  or  roller  bearings,  runs  freely,  Fig.  519  and 
Fig.  524.  From  the  trolley  hangs  a  large  tipping  truck  of  suitable 
capacity  for  taking  the  whole  of  the  clinker  from  the  cleaning  of  a 
single  cell.  This  represents  two,  and  even  sometimes  three,  very 
large  barrow-loads,  which  would  be  heavy  labor  to  wheel.  The 
clinker  truck  is  suspended  immediately  under  the  lip  of  the  front 
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1-plate,  so  that  the  clinker  can  be  withdrawn  directly  into  it. 
a  then  pulled  away  by  the  stoker  along  the  runway  over  the 
ker  cooling  b«d,  and  tipped  on  its  own  trunnions  so  as  to  dia- 
pge  the  clinker  on  the  ground,  where  it  is  allowed  to  cool. 
»e  railways  are  capable  of  considerable  modification  to  suit 
erent  8ite3.  For  instance,  at  Westininster,  where  the  plant 
iDitk  below  ground  level,  a  section  of  tlie  rail  is  lifted  on  a 
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ible  hoist,  and  it  is  also  provided  with  a  revolving  arrangement,   . 
3  to  command  several  sots  of  rails  at  tho  top.    Turntables  aro 

easily  coul.rivtd  and  worked. 
1.  Cludrr  (Iruahers  and  Screenti. — SuitAblc  clinker  crusben  i 

screens  for  preiiariug  thf3  material  for  concrete  work,  such  U  ■ 
proof  floors,  rimd  foundations,  and  th«  like,  havn  been  do-  ! 
ed  also  by  Messrs.  Cox  and  McTaggnrf.,  and  an>  extensively  in  | 
The  crushers  eonsiat  of  a  pair  of  fluted  rollers  mounted  on  I 
den  keys  so  as  to  give  the  necessary  elasticity  to  avoid  breakage  , 
n  pieces  of  iron  are  encountered.  The  yitid  of  tho  keys  is 
cient  to  stop  the  macliine  gradually,  and  not  instantanoouely, 

has  the  effect  of  tlirowing  off  the  belt  of  the  machine,  and 
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avoiding  the  sudden  jar  which  would  caiiBe  breakage.  The  screens 
deliver  the  material  in  sizes  required  for  the  various  works  to  be 
undertaken. 

42.  Paving  Flags. — ^Attention  has  recently  been  given  also  to 
the  production  of  concrete  flags  for  footways,  and  to  mixing  and 
pressing  machinery  for  making  building-bricks. 

43.  Clinker  Bricks. — ^Dr.  Schultess,  of  Ziirich,  has  worked  out 
a  very  complete  system  for  the  production  of  bricks  from  clinker 
and  lime.  One  of  the  features  of  his  system  is  the  lime-slaking 
machine,  which  produces  a  perfect  lime  in  a  dry  powder,  free  from 
nodules,  and  slaked  with  exactly  the  proper  amount  of  water.  He 
also  provides  mixing  machinery  arranged  so  as  to  automatically 
mix  the  correct  quantities  of  ground  clinker,  lime  and  water,  and 
one  of  the  advantages  to  which  he  draws  special  attention  is  the 
fact  that  no  water  need  be  expressed  from  the  flag  under  corn- 
pressure,  the  amount  of  moisture  supplied  being  what  is  required 
for  the  proper  setting  and  no  more.  This  enables  a  brick  or  flag 
with  very  clean  arrises  to  be  produced.  A  further  feature  of  Dr. 
Schultess's  system  is  the  maturing  of  the  flnal  product  in  forty- 
eight  hours  by  means  of  steam  at  atmospheric  pressure. 

Bricks  and  flags  so  produced  have  a  strength  considerably 
exceeding  that  of  good  burned  clay  bricks,  and  the  bricks  are 
suitable  for  foundation  work,  embankment  walls,  and  for  inner 
walls  of  houses.  Their  dark  color  is  a  drawback  to  their  adoption 
for  outer  walls.  In  the  ordinary  way  Portland  cement  is  used 
for  such  productions,  but  Dr.  Schultess  claims  to  get  a  better 
result  with  lime,  and,  of  course,  at  a  lower  cost. 

44.  Clinker  Mortar, — ^Mortar  made  from  clinker  and  lime  is 
found  to  be  almost  equal  to  hydraulic  mortar,  and  it  is  capable  of 
withstanding  considerable  heat.  In  fact,  in  destructors  at  Old- 
ham, Bradford  and  elsewhere  it  is  frequently  used  for  pointing  up 
the  interior  of  the  furnaces,  and  is  found  to  stand  as  well  as  fire- 
clay. 

45.  Destructors  for  Hospitals,  etc. — ^Destructors  of  small  size, 
suitable  for  villages  and  public  institutions,  such  as  hospitals  or 
large  hotels,  have  been  alluded  to  above.  No  special  remark  is 
called  for  respecting  the  design  of  such  furnaces,  except  that  they 
should  be  of  the  simplest  character.  As  a  rule  they  are  both  fired 
and  clinkered  at  the  front  through  the  clinkering-door.  In  other 
respects,  such  as  in  the  details  of  grate  bars,  cast-iron  side-boxes, 
forced-draught  apparatus,  front-flue  openings,  and  so  forth,  the 
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^design  of  the  largf  r  typos  of  furnaces  is  folJowoJ.  In  come  eases, 
lioweTer,  where  it.  is  impossible  t»  get  steam  for  steam-biast  or 
electric  current  for  fan  ilraught,  such  furnaces  have  to  be  worked 
/hj  means  of  strong  natural  draught. 

46.  Fortabh    Drstructors. — "  Portable "    destructors    are    also 
_  made,  consisting  of  a  furnace  following  the  above  general  lines, 
-attached  to  a  plain  cylindrical  "  multitubular  "  boiler  with  a  dust- 
catcher  in  the  siiiokc-box,  steam-jet  forced  draught  and  a  short 
chimney;  the  whole  being  mounted  on  wheels  for  transport.    The 


weight  (.f  the  dcstn 
tons,  and  lln-  eajnii 
These  small  "port. 
wlion  used  in  i-oim 
veniently  utiUzeil 
Kr.iitgon  rny  a]i|)ai'ii 
are  also  inti-nd..!  1,> 

A      still     SlOidhT     • 

brotlior,  Jlr.  F.  L.  ' 
small  furnace  rmuli 
clolliing.  etc..  ,-aii  1m 
wbe.-lsandsiiilabh- 
duidit  that  a  oonvi'n 


■  illii.-lrated,  t'ig.  525.  is  between  K  and  7 
iiliniii,  4  tons  of  muck  in  the  24  hours. 
di-.-tniclors  are  good  stenm-raisers,  and 
n  with  hospitals  the  power  may  be  oon- 
■onneetinn  witli  electric  lighting  plant, 
ilisinfectiHg  chambers,  and  the  like.  They 
vorked  when  stationary. 
intor  has  been  devised  by  the  author'» 
.1111.  fur  military  purposes,  consisting  of  a 

wiili  ■ileriliziiig  tanks,  in  which  inft'cted 
ill  willi,  ihe  whole  being  mounted  on  two 
null-  nr  borse  tranaport.    There  can  be  na 

apjiaraHis  of  lhi»  kind,  if  HVuiUible  at  nil 
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standing  and  advanced  camps,  would  materially  lessen  the  ravages 
of  zymotic  diseases  in  time  of  war. 

In  conclusion,  the  author  begs  to  acknowledge  his  indebtedness 
to  many  engineers,  in  not  a  few  instances  friends  of  his  own,  for 
their  labors  in  connection  with  the  disposal  of  refuse  by  fire,  and 
he  trusts  that  the  above  notes  of  his  own  experience  may  be  of 
interest  and  of  service  to  the  members  of  the  Institution. 


APPENDIX    I. 

THE  DESTRUCTOR  AT  WEST  HARTLEPOOL. 

Test  Report. 

Note.— The  following  flgores  and  the  accompanying  diagram,  Fig.  526,  give  the  mean  results 
of  the  two  days. 

Date  of  test 28th  and  29th  Jan.,  1904. 

Duration  of  test 48  hours. 

Number  and  type  of  cells 6  back-to-back. 

Total  grate  surface 180  square  feet. 

System  of  forced  draught Steam  jets. 

Nature  of  refuse Ashpit,  nightsoil,  market. 

Number  of  firemen  and  average  wage  per  day 9  at  5  shiUings. 

,^      ^        .  ,  .  r  u    1  U  Babccf  k  and  Wilcox,  2,393 

Number,  size,  and  type  of  boilers -j  %♦ 

(     square  leet. 

Tone.  cwt.  qr.  lbs. 

Total  quantity  of  refuse  burned 272,432  lbs.  =  121     12    1    20 

per  cell  per  24  hours 22,703  lbs.  =    10      2    2    28 

per  square    foot  of    grate 

per  hour 31.5. 

Tons  per  man  per  shift 6.7  tons. 

Cost  of  labor  per  ton  burned 8.9  pence. 

Total  water  evaporated 848,673  lbs. 

per  hour 7,264  lbs. 

X)er  square   foot  of  heating 

surface  per  hour 3.03  lbs. 

per  lb.  of  refuse  from  and  at 

212deg.Fahr.orl00deg.  C.1.56  lbs. 

Mean  steam  pressure 155  lbs.  per  square  inch. 

feed  temperature 43  degrees  Fahrenheit. 

.    n      .  .  \  Above  2,000  deg.   Fahr.   (be- 

mam  flue  temperature ■{  ,  JL,  ^  \ 

(     yond  range  of  Pyrometer). 

temperature  behind  boiler 534  degrees  Fahrenheit. 

Horse-power  developed  at  20  lbs.  steam  per  indicated 

horse-power  per  hour 363. 

Purpose  for  which  steam  is  utilized Electric  lighting 
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APPENDIX    II. 

CITY  OF  WESTMINSTER. 
Test  Report. 

Date  of  test 2d  Dec.,  1902,  to  4tli  Dec.,  1903. 

Duration  of  test 45*  hours. 

Number  and  type  of  cells  6  backto-back  direct  cart-fed. 

Total  grate  surface : 252  square  feet. 

System  of  forced  draught Steam  jets. 

Nature  of  refuse House,  trade,  and  mvket. 

Number  of  firemen  and  average  wage  per  day. .    \  ^  ^^^^"^  **  ^  ''^*'^-  ^^  ^®®^- 

1 4  top  men  at  27s.  6d.  per  week. 

Number,  size,  and  type  of  boilers 1  water-tube,  1,426  sq.  ft.  H.  S. 

_  Tone.  cwt.  qre.  lbs. 

Total  quantity  of  refuse  burned 138    15      1     0  =  310.828  lbs. 

"      "           "      per  cell  per  24  brs.  12  5      1    8  =r    27,470  lbs. 

'*       "  *•      per  square   feet  of 

grate  per  hour. .  — 27.2  lbs. 

Tons  per  man  per  shift 8  3      2    5 

Costof  labor  per  ton  burned 3^^*^    pence,  exclnsive    of  en- 

I     gineman  and  foreman. 

Total  water  evaporated "1 

perhour I 

"        "  "         per  square  foot  of  heating  I    '^^«*    ^^^   evaporation    aban- 

surface  per  hour ^       ^*'°*^'   ^>^®^    blowing   off 

"        -  "         perlb.ofrefusefromand  very  heavily. 

at212**F.  or  lOO'^C...^ 
Percentage  of  clinker  and  ash  to  refuse  burned. .  .24.9  per  cent. 

Mean  steam  pressure 125  lbs.  per  square  inch. 

*'    feed  temperature 48  degrees  Fahrenheit. 

,-         •    XI      ♦             *   _  (Well  over  2,000  degrees  Fahr. 

*    mam  flue  temperature J         .         ,    '     ,       ^ 

/     softened  mtld  steel. 
**    temperature  behind  boilers 500  degrees  Fahrenheit. 

Purpose  for  which  steam  is  utilized •<     ,    .  .  * 

(     hoist  engines,  etc. 

DISCUSSION. 

Mr.  J.  Hartley  Wicksteed.* — I  know  Mr.  Watson  very  well, 
and  I  may  say  that  he  has  been  extremely  successful  with  Mr. 
Horsfall's  destructor.  Destructors  are  very  difficult  things  to 
undertake,  because  the  town  refuse  varies  so  much  in  quality  in 
the  different  towns,  and  it  requires  a  very  great  deal  of  exper- 
ience to  hit  off  a  result  that  you  can  guarantee.  The  original 
basis  which  differentiated  Mr.  Horsfall's  destructor  from  others 
was  the  use  of  the  steam  jet.    The  action  of  the  steam  jet  is  very 
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*^Vistrxise,  but  it  has  been  reported  upon  by  Lord  Kelvin  and  Dr. 
Barr,  and  I  will  presently  read  to  you  one  paragraph — not  that  I 
^'^sh  to  direct  your  discusaion  to  that  particular  point,  bnt  l>ecnii3e 
^■t  "Was  what  started  this  company  making  destructors.  Of  cnnrse, 
^^pt'rience  has  shown  that  there  arc  a  hundred  conaiderations 
^^liich  are  of  qnito  equal  importance  to  the  original  idea  con- 
^**rning  the  utility  of  the  steam  jet,  but  still  you  muat  have 
^**  me  thing;  to  start  with,  and  Mr.  Watson's  company  had 
*^»is  to  start  with  and  they  worked  at  it  and  it  lead  them  into  the 
^aowledge  of  all  the  other  points.  The  thing  itself  I  have,  no 
*ioulit,  is  of  considerable  value.  The  anther  says  in  his  paper,  "  it 
***ay  be  stated  that  they  (that  is,  the  steam  jets)  give  a  higher  tem- 
S^'^ratnre  and  evaporation  than  the  dry-air  blast,  provided  that  the 
*^f  Use  is  rich  enough  in  carbon  to  give  the  neeessarv  temperatnre 
■^^r  the  dissociation  of  the  steain,  which  forms  water-gas  in  the 
**irnace,  and  which  greatly  improves  the  combustion. 

This  action  has  been  explained  by  Lord  Kelvin  and  Dr.  Archi- 
■^»ld  Uarr  in  the  following  words: 

"  A  more  important  fimetinn  is,  however,  fulfilled  by  the  Bteant. 
*  n  coming  into  contact  with  the  incandescent  fuel  it  is  deromposed, 
^he  hydrogen  being  freed  while  the  oxygen  combines  with  the 
^Sarbon  in  the  fnel  to  form  carbon  monoxide.  This  decompasitios 
^f  the  water  is  effeotetl  by  heat  abstracted  from  the  lower  part  of 
"We  fire,  where  it  can  be  of  comparatively  small  value  for  tha 
cremation  of  the  ilistillate.  The  water-gas  {hydrogen  and  carbon 
mono.'dde)  p:is!»es  upwards  to  be  burned  by  the  exeesa  air  which 
it  meets  with  over  the  fire,  thus  serving  to  increase  the  temperattire 
which  would  otherwise  exist  at  the  luceting  of  the  priMjuetf  nf  com- 
bustion witli  the  gnsofl  distilled  from  the  raw  material." 

So  that  it  sremw  the  chief  function  of  the  steam  jet  w  to  ahifb  J 
the  locality  of  (In-  intcnsest  liuat  of  the  fire. 

This  paper  and  Mr.  Kiissell's  paper  were  prepared  at  the  request 
of  the  American  Society,  and  we  from  Kngland  have  jmt  bi-foro 
you  the  best  knowledge  possessed  by  any  members  of  our  InxtitTi^  ■ 
tion,  and  I  hope  yon  will  take  Ihe  matter  up  for  disoussiou.  J 
JVfr.  Alfred  •Saroti* — Sanitary  engineering  up  t«  the  preaent'i 
has  had  no  particular  attractions  for  me;  in  fact  I  have  rather 
looked  upon  the  science  as  a  necessary  evil,  but  seeing  that  the 
paper  as  presented  seemed  to  my  mind  to  be  representative  of  iho 
engineering  of   Leeds   and   its  district,   I   thought   t   wouhl 
71        *  Member  of  Ibe  Innltutloa  of  Mvohanlol  Eog Iqmts. 
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whether  no  good  thing  could  come  from  Manchester,  which  I  rep- 
resent, and,  as  a  matter  of  fact,  I  believe  we  have  the  best  destruc- 
tor for  the  purpose  produced  in  the  Manchester  district. 

There  are  some  points  of  agreement  on  this  question,  notably 
in  respect  to  the  quality  of  the  refuse.  I  find  that  the  people  who 
have  spoken  and  written  upon  this  question  agree  with  the  state- 
ment of  the  author  that  an  average  for  this  is  one-third  by  weight 
of  water,  one-third  combustible  matter,  and  one-third  incom- 
bustible. On  other  points,  of  course,  there  are  diflFerences  of 
opinion.  The  claim  that  Mr.  Watson  makes,  for  the  isolated  cell 
system  at  West  Hartlepool  works,  does  not,  as  a  matter  of  fact, 
seem  to  be  sustained,  nor  does  it  produce  results  which  will  com- 
pare with  the  continuous  grate  system  which  is  adopted  by  the 
Manchester  firm.  The  claim  also  made  by  the  author  about  the 
ease  of  repairs  in  the  isolated  cells  is  doubtful,  when  one  cell  is 
adjacent  to  another,  working  at  2,000  degrees  Fahrenheit,  is  it 
not  rather  too  much  to  expect  that  much  good  work  will  be  done 
in  the  cells  which  are  supposed  to  be  isolated,  but  which  must  to  a 
certain  extent  be  heated  up  by  the  cells  which  are  in  work. 

Now,  I  should  like  to  make  a  comparison  of  the  test  which  is 
given  in  the  paper  with  one  which  was  made  by  the  National  Boiler 
Insurance  Co.  at  Woolwich  on  the  Destructor  erected  by  Messrs. 
Meldrum  Bros.,  Timperley.  At  Woolwich  on  three  grates,  75 
square  feet,  63J  tons  of  refuse  were  burned  in  24  hours,  and  each 
pound  of  refuse  evaporated  1.9  of  water.  Whereas  at  Hartlepool, 
in  the  test  given  in  the  paper,  on  180  square  feet,  they  burned 
121  tons.  In  the  one  case,  at  Woolwich,  at  77  pounds;  whilst  in 
the  other  case  only  31  poimds  per  square  foot. 

Mr.  Edward  N.  Trump. — While  the  papers  presented  by  our 
English  friends  on  the  above  subject  are  of  great  interest  as  show- 
ing engineering  skill  in  handling  a  difficult  problem,  from  the 
point  of  view  of  the  chemical  engineer  the  very  name  "  destruc- 
tor "  suggests  a  process  which  should  only  be  a  last  resort  in  the 
utilization  of  our  wastes. 

The  remains  of  the  beefsteak  for  which  you  paid  two  dollars 
a  i>ound,  and  failed  to  eat  because  of  a  bad  appetite ;  the  butter  left 
on  your  plate;  and  trimmings  from  the  raw  materials;  which  from 
sucli  a  large  percentage  of  tlie  food  which  is  finally  consumed,  all 
contain  valuable  ingredients  which  should  be  utilized  not  destroyed. 

The  work  in  the  United  States  has  been  more  in  the  direction 
of  the  "  reduction ''  of  ''  garbage  "  or  kitchen  waste,  to  its  useful 
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ents  rather  than  its  destruction.  The  fermentation  which 
Ay  starts  up  in  these  waste,  producing  a  crop  of  germs  very 
us  to  the  health  of  the  community  ma;  be  stopped,  and 
;te  thoroughly  sterilized  by  boiling  under  high  pressure, 

valuable  greases  and  liquids  saved  and  utilized. 

The  waste  mnst  be  gathered  as  frequently  as  possible  to 
the  fermentation  to  a  minimum.  Second,  It  m'uat  be  col- 
a  covered  carts  or  wagons,  kept  as  air-tight  aa  possible  to 

offensive   odors  escaping  along   the   streets.     Third,   A 

of  large  steel  tanks  or  digestors  of  a  strength  sufficient  to 
n  internal  steam  pressure  of  one  hundred  pounds  per 
inch  receive  the  garbage,  forming  an  excellent  storage  for 
;iug  (telivery,  and  it  is  thoroughly  cooked  with  direct  steam 
1  of  the  dangerous  germs  are  killed,  the  greasee  extracted 

whole  thoroughly  <]igestpd.  Fourth,  The  products  of  this 
n  are  now  utilized  as  follows:  The  contents  of  the  diges- 

enipticd  out  in  eontinitoiis  filter,  which  separates  the  fibre 
le  liqnid,  pressing  out  as  much  of  the  latter  as  possible. 
re  is  dried  and  may  he  burned  in  a  special  producer  or 
,  with  the  production  of  large  quantities  of  useful  gftS  and  ■ 
onirt.  The  liquids  jirc  evaporated  to  get  rid  of  the  surplus 
fter  the  valnable  greases  are  allowed  to  separate,  and  tho 
g  sirupy  liquid  uiixcd  with  the  ashes  from  the  fibre  form 
^  fertilizing.  The  greases  are  refined  and  often  utilized 
irodtu'lion  of  tciilels  soaps,  ilany  of  the  best  known  soap 
iire  using  tliese  grciisi-s  from  the  reduction  works, 
■al  kin<]s  of  niiu'liiiiery  are  already  in  use  in  this  country 
lice  the  aliovc  rcsitlt;=.  It  only  needs  engineering  skill 
lice  valiijililc  |irediicls  from  the  waste,  and  there  is  more 
flicicnt  carbon  in  tlic  dried  fibre  to  make  the  heat  and 
ee.le<i  to  operate  the  phmt. 
mUl,  therefore,  a]ipear  that  the  ndtidion  of  waste  rather 

destrnction  i>  the  econoniii'al  process  to  develop,  and  in- 
on  should  "uly  be  n'sorte<l  to  for  those  dry  wastes  wliicb 

readily  utili/cd  as  fuel,  and  which  will  stand  Mtorago  with- 
iientation. 

Irorijp  Walson.'-' — The  author  thanks  the  president  for  bin 
lid  remarks.  It  is  q;nfc  <Mrrei-t  that  Mr,  Howfull  started 
ructor  business  wlili  ilic  steam  jet  for  forcing  the  draught, 
am  jet,  as  jioiulitl  i-iit  -"inewlmt  briefly  in  the  paper,  has 
*  Author's  clnsurc.  iiiidcr  tin-  Ilul**, 
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several  advantages,  among  which  it  may  be  again  mentioned,  that 
it  protects  the  grate  bars  and  other  iron  parts  of  the  furnace  from 
becoming  red  hot,  while  at  the  same  time  in  many  cases  it  in- 
creases the  temperature  for  the  combustion  of  the  refuse.  But  it 
should  not  be  supposed  that  the  "  Horsf all  "  system  necessarily  in- 
volves the  use  of  steam  jets. 

In  many  cases  it  is  found  preferable  to  use  fans,  and  care  should 
always  be  taken  to  consider  the  exact  conditions  to  be  met  in 
making  the  selection. 

In  a  recent  instance  (at  Guernsey)  both  steam  jets  and  a  fan 
have  been  provided  in  a  "  Horsf  all  "  destructor. 

This  arrangement  can  now  be  made  with  little  increase  of 
cost  over  the  fan  system,  and  it  is  one  which  offers  obvious  advan- 
tages. 

The  remarks  of  Mr.  A.  Saxon  serve  to  illustrate  the  difficulty  in 
which  the  author  was  placed  in  preparing  his  paper,  and  which  he 
endeavored  to  meet  by  confining  his  remarks  strictly  to  his  own 
experience.  He  also  tried  to  avoid  preferences  as  far  as  possible, 
and  in  indicating  the  advantages  of  the  ^^  Cellular "  type  of 
destructor,  he  expressed  his  own  opinion,  while  endeavoring  to 
avoid  undue  bias.  Moreover,  this  is  just  one  of  the  points  con- 
stantly debated  upon  which  the  author  considered  himself  free  to 
speak  his  mind,  for  the  reason  that  the  ^^  Cellular  "  system  is  no 
monopoly  of  any  one  firm,  but  is  free  to  be  adopted  by  all,  as  Mr. 
Saxon  well  knows.  The  author  is  not  aware  which  of  the  claims 
put  forward  for  the  AVest  Hartle])ool  Works  is  the  one  which  Mr. 
Saxon  considers  is  not  sustained.  He  can  only  say  that  he  is  quite 
unaware  of  any  inaccuracy  in  his  statement.  He  must  also  say 
that  in  his  opinion  the  results  obtained  at  West  Hartlepool  are 
comparable  to  those  obtained  on  either  of  the  "  Continuous- 
Grate  "  systems  at  present  on  the  market,  and  he  leaves  members 
to  make  their  own  comparison;  having  regard  to  steam  raising;  not 
only  on  trial,  but  in  e very-day  working;  to  cost  of  labor  per  ton 
burned;  to  durability;  and  to  ease  of  repair.  As  to  the  expectation 
of  being  able  to  repair  one  cell  while  the  others  are  at  work  which 
Mr.  Saxon  thinks  unwarranted,  the  author  can  only  say  that 
under  his  own  supc^rvision  such  repairs  are  frequently  made 
without  difficulty. 

While  congratulating  Mr.  Saxon  on  the  results  obtained  under 
test  at  Woolwich,  the  author  may  be  allowed  to  say  that  there 
is  no  difficulty  in  burning  a  large  aniout  of  refuse  per  square  foot 
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of  fiiTiUo  ppi'  hour,  citlier  in  fhe  '"  Contimions-Gratc  "  destniPtor, 
or  ill  the  '"  Celhihir  "  destructor. 

It  is  A  (jiiostion  riiinjilv  of  strciigtli  of  bla-*t,  and  of  frpquenoy 
of  rakiiijr  over  and  of  clinkerinji.  In  other  words,  the  main  con- 
sideration is  that  of  the  labor  involved  in  the  operation.  It  is  the 
author'.-;  experience  that  much  less  labor  is  involved  in  hnrninfc 
at  a  rate  of  ItO  pounils  per  square  foot  of  grate  per  hour  tliiin  at 
70,  while  the  clinker  produced  is  harder,  and  the  process  is  inori? 
complete,  dinkcrinfr  every  two  hours,  than  when  cUnkcring  «t 
more  frequent  intervals. 

In  regard  to  tlie  remarks  of  Mr.  Trninp,  tlie  author  supiwsefl  it 
is  more  attraetive  to  everybody  to  iitilixe  than  to  destroy,  But 
the  engineer  must  divest  himself  of  sentiment  and  reduce  the  ques- 
tion of  reduction  versus  <lestrnction  to  figures. 

The  impression  gained  in  Kngland  as  to  the  system  of  reduc- 
tion |>revjLiling  in  the  I'nited  States  is  that,  generally  speaking, 
they  do  not  ]>iiy,  m-  at  least  that  they  will  not  continue  to  pay, 
and   further  it   is  practically  impossible  to  eouducit   the  priM-e.ss 

Siieh  plants  arc  ofi^n  the  subject  of  legal  injunction,  and  where 
rhcv  cM-a|ie  the  reason  seems  to  be  that  thcv  are  placed  at  a  con- 
siderate ,li>lanee  from  dwellings. 

hi  making  these  somewhat  sweeping  sinreinents  th<!  nuihor  is 
.  hick  of  experience,  hut  he  is  merely 
ion  which  is  held  in  Europe,  wluch  may 

how  the  digesters  ean  fonu  iin  eqiiali/- 
tiiig  delivery,  unlesw  they  can  he  dis- 
lire,  which  he  believes  is  not  the  ease, 
inplelely  charged  and  then  sealed  up  till 
and  ill  the  meantime  the  refuse  con* 
oili<>rwisc  stored.  The  author's  ovm 
11  ill  llic  I'nited  State*,  U  t-on^tantly 
iiiv  |ini-piise,  even  for  Htemn  raL-<iitg,  as 
-anitary  ^.■ien,.,.  pinun-,-.aud  that  if  one-half  of  the  skill  em- 
jdoyeil  In  ulili/r  lin'  i;ri;i-i'  from  the  refuse  were  applied  to  the 
utilisation  n(  ili-.  I'liiikn'  from  rhc  destructor,  bcttt^r  results  all 

r..iiiid  i-Miil<|  l,r  ..l.tijiiii.!   lV..m  : utrally  situated  plant  without 

niii:-aiiec.  anij  \\ii!i  a  [-.wiic  .-aviiig  in  cartage  to  put  to  the  credit 
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No.  1040. 

ROBERT  HENRY   TilVRSTON. 
IN  MEMORlAM. 

For  the  fifth  time  in  the  history  of  the  Society  it  is  cjillcd  on 
to  record  the  death  of  an  engineer  who  hiia  hfid  its  Preaideiitial 
office.  The  present  occasion  reflecta  particnlar  intePMt  fntin  thn 
fact  that  Professor  Thiirston  was  the  first  President  of  the  So 
ciety,  and  was  called  to  office  on  its  orgnoization,  scrvinfi  for  two 
years.  The  other  presidents  who  have  preceded  bini  in  the  niwro- 
logical  list  are  Messrs.  George  H.  Babcock,  E.  B.  Ooxe,  K.  F.  (3. 
Davis,  and  J.  F.  Ifolloway, 

Dr.  Thurston  was  born  in  Providence,  Oetober  t'S.  I^-'Ul.  It 
adds  a  distinct  note  of  the  unusual  in  bis  death  tbiil  it  shimbl 
have  occurred  on  the  evening  of  bin  sixty-fourtli  birthdny,  on 
October  25,  lfl03.  He  was  preparing  to  greet  a  gronp  of  friends 
convened  to  celebrate  the  day,  \yh(>n  suddenly,  and  sn  far  as 
known  painlessly,  he  was  seized  with  an  attack  of  the  heart  and 
passed  away,  without  regaining  conseiou»nw:<8,  within  a  very  short 
time. 

Professor  Thurston's  activities  naturally  group  tJienuelve*  un- 
der three  departnient,-i.  He  was  euiitu-nt  as  an  engineer  and  prac- 
titioner, as  an  ciliicator  and  investigator,  and  as  an  author.  He 
inherited  his  niechaiiical  talents  and  insHnets  by  direct  deacciit. 
His  fatlier  was  Robert  Lawton  Thur-Jton.  who  \\&*  born  at  Porta- 
niouth,  R.  I.,  in  ISno,  and  died  at  Trovidcnce,  It.  I.,  in  1873. 
Robert  L.  Thurston,  as  partner  willi  John  Fiabcock  in  lft3+, 
formed  the  Provid<>nee  Steam  Engine  Company,  the  first  steam 
engine  huibling  estuMisbment  in  New  England,  tliero  being  only 
two  others  iM-an'ng  ciii-lier  dafe  in  the  Cmted  States.  In  1838, 
by  the  withdrawal  of  Air.  Babeoek,  it  U'Canie  Robert  L.  Thurston 
A'  Company,  ami  in  ISiri,  by  other  chanpes,  the  firm  bocaino 
Tburston.  (ireene  \-  rompany.  The  birge  niaebinp  shop  of  the 
old  finn  still  remains,  forming  part  of  the  works  now  occupied. 
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in  1904,  by  the  Rice  &  Sargent  Company,  building  steam  engines. 
The  firm  of  Thurston,  Greene  &  Company,  bought  from  Sickles 
the  patent  covering  the  principle  of  lifting  the  spindle  of  a  steam 
engine  valve  by  a  mechanical  means,  and  then  releasing  or  trip- 
ping the  catch  which  lifted  the  valve,  so  that  it  closed  quickly  by 
either  gravity  or  a  spring. 

This  firm  seems  to  have  been  the  first  manufacturers  which 
built  a  standard  form  of  engine  working  with  the  principle  of 
expansion.  Thurston,  Greene  &  Company  were  succeeded  by 
Thurston,  Gardner  &  Co.,  who  were  the  plaintiffs  in  the  suit 
with  Mr.  George  H.  Corliss  for  an  infringement  of  the  Sickles 
patent,  and  after  several  decisions  favorable  to  the  plaintiff  these 
were  reversed,  on  a  final  appeal  based  on  the  contention  that  a 
valve  spindle  was  not  necessarily  the  same  thing  as  a  valve  stem. 
It  was  during  this  period  of  litigation  that  Mr.  Greene  invented 
the  type  of  release  gear,  which  has  since  been  known  by  his  name. 

Kobert  H.  Thurston,  who  was  the  oldest  son  of  Kobert  L.,  in- 
herited his  mechanical  instinct,  and  during  his  childhood  and 
youth  spent  much  time  in  his  father's  shop.  He  graduated  from 
Brown  .University,  in  Providence,  in  1859,  with  the  degree  of 
Ph.B.  and  C.E.  Ten  years  later  he  received  the  degree  of  A.M., 
and  in  1899  the  degree  of  LL.D.,  when  his  fame  was  won.  For 
two  years  after  graduation,  or  until  the  breaking  out  of  the  Civil 
War  of  1861,  he  was  engaged  with  the  firm  of  which  his  father 
was  the  senior  partner. 

On  the  breaking  out  of  the  war,  his  tastes  led  him  to  enter 
the  Engineer  Corps  of  the  United  States  Navy,  and  he  served  at 
the  front,  under  Dupont  and  Dahlgren,  until  the  close  of  hostili- 
ties. When  second  assistant  he  was  put  in  charge  of  the  "  Chip- 
pewa," as  Chief  Engineer  in  1863;  was  made  1st- Assistant,  in 
1864,  and  transferred  to  the  iron-clad  "  Dictator."  He  was  pres- 
ent at  the  battle  of  Port  Koyal  and  at  the  siege  of  Charleston. 
At  the  close  of  the  war  in  1865,  he  was  detailed  to  the  United 
States  Naval  Academy  at  Annapolis  for  duty  in  the  department, 
which  was  then  called  the  Department  of  Natural  and  Experi- 
mental Philosophy. 

On  the  death  of  the  professor  at  the  head  of  the  department, 
Dr.  A.  W.  Smith,  he  was  placed  in  charge  under  Admiral  David 
D.  Porter,  who  was  Superintendent  of  the  Academy  at  that  time. 
He  was  made  chief  engineer  in  1860,  and  remained  in  this  relation 
until,  in  1870,  he  was  called  by  President  Henry  Morton  to  the 
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Chair  of  Mechanical  Engineering  then  created  for  the  first  time 
in  the  Stevens  Institute  of  Technology  of  Uoboken.  N.  J.  From 
this  time  on,  while  also  pursuing  professional  work.  Dr.  Thurston 
became  principally  an  educator  and  investif^ator.  His  professional 
work  after  accepting  this  position  included  liis  service  as  a  mem- 
ber of  the  International  Bureau  of  the  Virnna  fJcjKJsition  in  1873, 
-which  was  made  the  opportunity  of  extensive  visits  to  metallur- 
gical establisliments  in  England,  Belgium,  and  France.  His  ser- 
vice on  the  Bureau  resulted  in  the  securing  of  some  valuablo 
American  awards  to  engine  builders  and  exhibitors  of  machine 
tools.  He  served  on  a  board  appointed  by  the  federal  govern- 
ment to  investigate  the  underlying  causes  of  boiler  explosions  and 
was  the  reporter  for  this  board.  What  are  known  as  tho  Sandy 
Hook  tests  of  that  testing  board  were  largely  planned  by  Pro- 
fessor Thurston.  Shortly  thereafter  (1875)  he  became  a  member 
of  the  Tnited  States  Testing  Board  associated  with  Messrs.  llolley, 
Sooy-Smith,  Laidlev,  David  Smith,  and  Beardslce.  Ho  was 
Secretary  of  tbis  Board,  and  its  leader,  preparing  details,  writing 
official  papers  and  carrying  the  laboring  end  of  the  work.  It 
was  a  great  disai>pointnient  to  him  when  the  Board's  life  expired 
by  limitation  and  it  was  thought  inexpedient  to  continue  it. 

It  was  in  connection  with  tliis  work  that  Professor  Thurston's 
attention  was  turned  to  the  investigation  of  alloys  with  which  his 
name  is  identified.  During  all  the  rest  of  his  life  be  aim  main- 
tained an  active  relation  to  practice  as  a  ('iniciiltitig  Kiigiiii'er  iiiid 
expert,  althoufrli  hotli  of  tlicse  funrtjona  M-cre  dwarfed  by  lii.-*  work 
as  an  educator  and  author, 

Whi'n  Air.  Kdivin  .\.  Stevens  made  his  original  bci^UMt  of 
$fiOO,000  to  endow  an  institution  of  learning  under  trtiHteefl,  it 
was  decided  that  tbis  institution  of  learning  xbould  bo  an  insti- 
tute of  technology.  By  the  advice  of  President  Henry  Morton, 
who  was  smiiiiioned  to  he  the  first  president  of  that  institution,  it 
was  further  deeidid  to  specialize  in  the  direction  of  Mechanical 
Engineering.  It  was  to  the  genius  and  wisdom  of  Professor 
Thurston  tliat  the  technical  education  of  this  country  and  in  the 
world  owes  its  debt  for  recognizing  the  importance  of  tho  labora- 
tory of  engineering  iis  a  prime  factor  in  the  buccosb  of  the  e<Iuca- 
tion  of  the  mecbanicul  type  of  technical  man.  It  U  rlifficnlt  for 
him  who  looks  buck  on  thirty  years  of  snecensful  <ievelopment 
along  this  line  to  nii])reciate  the  magnitiiih'  of  the  problem  before 
Professor  Thurston  who  bad  the  conception  uml  devclopmcul  of 
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the  laboratory  on  his  hands  without  the  guiding  of  any  experience 
whatever.  The  conditions  in  Europe  were  not  useful  for  the  pur- 
pose in  hand;  the  atmosphere  of  the  employer  of  technical  men 
was  unfavorable  to  a  college  training  of  young  engineers  and  the 
financial  problem  of  equipping  a  laboratory,  which  is  great  at 
any  time,  was  made  nearly  impossible  to  the  man  who  had  the 
beginnings  to  make  when  standards  of  all  sorts  were  very  differ- 
ent from  what  they  are  at  the  present  time,  when  there  were  fewer 
wealthy  manufacturers  and  no  group  of  successful  technical  men 
to  constitute  an  argument  in  discussion.  It  was  easier  for  Pro- 
fessor Thurston  to  begin  the  mechanical  laboratory  at  the  point 
of  testing  materials  so  that  his  earlier  reputation  was  founded 
upon  his  special  achievement  in  this  line.  He  devised  the  Thurs- 
ton autograpliic  testing  machine  and  the  installation  of  a  Riehle 
machine  in  the  institute  laboratories  antedates  by  a  few  months 
the  construction  of  the  first  Fairbanks  testing  machine  in  the 
laboratories  of  Columbia  University.  From  that  time  on,  the 
laboratory  conception  of  the  Stevens  Institute  grew  steadily  in 
importance  and  meaning,  and  by  the  interest  of  friends  and  well- 
wishers,  the  equipment  in  machine  tools  kept  pace  with  the  de- 
velopments of  its  reputation  in  other  directions. 

He  remained  at  Stevens  Institute  until  1885.  These  were 
years  of  intense  activity  in  his  work  as  author  and  investigator, 
as  well  as  teacher  and  expert.  In  1873  he  was  United  States 
Commisioner  for  the  World's  Fair  at  Vienna,  and  his  report  and 
letters  are  full  of  revelations  of  his  assiduity  and  acumen.  Pro- 
fessor Thurston  secured  as  one  of  the  consequences  of  his  labor 
a  liberal  proportion  of  the  awards  for  American  exhibitors.     In 

1875  the  special  work  on  alloys  with  which  Professor  Thurston's 
name  is  identified,  was  in  progress,  and  the  results  are  to  be  found 
in  the  reports  of  the  United  States  Board  for  the  year  1878.     In 

1876  his  health  failed  seriously  from  nervous  exhaustion,  and, 
although  in  1878  he  resumed  his  work  with  partially  restored 
health,  it  was  not  until  October  of  1880  that  he  resumed  his  work 
at  the  Institute  completely  cured. 

It  was  during  these  years  from  1880  to  1882  that  he  served 
the  Society  of  Mechanical  Engineers  as  its  first  President,  and  in 
co-operation  with  Ilolley,  Worthini]:ton,  Sweet  and  others,  under- 
went the  severe  and  oxactini?  dnties  of  presiding  over  the  early 
work  of  organization  and  starting  of  the  infant  society.  lie  pre- 
sided at  its  first  meeting  in  November,  1880,  and  took  upon  him- 
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self  the  preparation  of  presidential  atMresses,  both  for  tliat  meet- 
ing and  for  the  subsequent  one  on  his  re-election  to  a  second  term. 

He  always  remained  in  most  earnest  and  enthusiastic  relations 
of  service  to  the  Society,  as  a  past-president,  attending  its  Council 
meetings  when  possible,  and  always  participating  in  the  discus- 
nous. 

Stevens  Institute  conferred  on  him  (be  degree  of  Doctor  of 
Engineering,  on  the  severance  of  his  relations  in  June,  1885,  to 
take  the  work  of  Director  of  Sibley  ("olU'ge  of  Mechanical  Arts 
at  Cornell  University  in  Ithaca.  For  eighteen  years,  from  1HS,5 
to  1903,  Dr.  Thurston's  great  work  was  the  building  up  of  Sibley 
College. 

The  number  of  students  at  the  beginning  waw  comparatively  in- 
signitieant  but  had  become  in  the  neiglilwrhood  of  800  under  his 
enthusiastic  and  wise  leadership.  The  courses  grew  tu  inchido 
both  post-graduate  and  special  work,  and  the  equipment  from  a 
valuation  of  about  $100,000  to  over  half  a  million  in  buildings 
and  contents.  In  addition  to  this  he  was  much  Bought  a»  a  con- 
tributor to  the  engineering  organizations  of  which  he  was  a  mem- 
ber and  for  service  on  important  ti'diiiieal  commiasioTis.  The 
following  is  a  somewhat  incomplete  list  of  the  Ber\'ices  whieh  he 
rendered  in  this  ihrection: 

At  Stevens  Institute  and  at  Cornell:  the  United  States  Testing 
Board,  consisting  of  Jlcssrs.  A.  L.  Ilolh-y,  William  Sooy-Smith, 
Colonel  T.  S.  I,iii<li,y,  V.  S.  A.;  Chief  Kngineer  David  Smith, 
and  Coiiimaiidrr  I„  A.  Hcardslee;  tlio  I'liitcd  States  Hoilcr  Test 
Couiiiiission.  On  l.oth  of  these  he  si-rvcd  as  Secretary  and  t>i  u 
notiililc  I'xtent  the  header,  lie  was  a  member  of  the  New  .Jersey 
State  Committee  to  n-]iort  a  plan  ftir  eneouragement  of  manu- 
facturers of  oirunnintiii  and  textile  fabrics,  a  member  of  iJio 
United  States  ( 'onimission  of  safe  and  vault  conatrnction  for  tho 
United  States  Treasury,  of  the  New  York  State  ('ommiBsions  to 
reimrt  on  a  nmdern  rifle  for  the  National  Ciuard,  end  also  to 
examine  and  iiulhorize  voting  machines. 

lie  was  Viei-I'rcsidciit  nf  the  Auierican  In^titut^-  of  Mining 
Engineers  in  IS7s,  Vici-Prisident  of  ttn'  Amorieau  AM^ociatton 
for  the  Advancement  of  Science  at  NaNlivtlle,  in  1877,  in  the 
alwenee  of  Professor  I'ii-kering,  elected  at  the  preceding  miMiting, 
was  regularly  ch-cted  to  .serve  in  187H  at  the  St  UuiB  met-ting 
of  the  Association,  and  in  1SS+,  at  Philadelphia,  in  which  year 
he  was  honorary  vice-president  of  th<.-  British  Association  for  tJiu 
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Advancement  of  Science.  He  was  the  first  President  of  the  Amer- 
ican Society  of  Mechanical  Engineers,  1880.  He  was  member  of 
the  International  Juries  of  Vienna,  1873,  Paris,  1889,  and  Chi- 
cago, 1893.  On  the  occasion  of  the  visit  of  the  American  En- 
gineers to  Europe  in  1889,  he  made  the  address  in  response  to  the 
address  of  welcome  by  the  President  of  the  British  Institution  of 
Civil  Engineers  in  London,  and  was  one  of  the  speakers  at  the 
banquet  of  the  British  Institution  of  Mechanical  Engineers  held 
in  Paris  in  July,  1889.  He  was  officer  de  I'lnstruction  publique 
de  France,  an  editor  (for  engineering)  of  Science,  of  Johnson's 
Cyclopaedia  and  Century  Dictionary. 

He  was  connected  with  the  following  and  other  societies: 
American  Association  for  the  Advancement  of  Science ;  American 
Institute  of  New  York;  American  Society  of  Civil  Engineers; 
American  Society  of  Mechanical  Engineers;  American  Institute 
of  Mining  Engineers;  Army  and  Navy  Club;  British  Institution 
of  Naval  Architects ;  Koyal  Institution  of  Great  Britain ;  British 
Association  for  the  Advancement  of  Science;  Sigma  Xi;  Engin- 
eers' Club;  Franklin  Institute  of  Pennsylvania;  International 
Association  for  Advancement  of  Science,  Art  and  Education;  In- 
ternational Association  for  Testing  Materials  of  Engineering; 
Institution  of  Engineers  and  Shipbuilders  of  Scotland;  Kongl. 
Svenska  Vetenskap-Academien;  Naval  Order  U.  S.;  Nat.  Geo- 
graphical Society;  American  Meteorological  Society;  American 
Historical  Society ;  New  York  Academy  of  Science ;  Oesterreich- 
ische  Ingenieur  und  Architekten  Verein ;  Order  Loyal  Legion  of 
IT.  S. ;  Societc  des  Ingenieurs  (^ivils  de  France;  Society  of  Amer- 
ican Wars;  Societe  d'Encouragement,  etc.,  of  France;  Societe 
Industrielle  de  Mulhouse ;  U.  S.  Naval  Institute;  Verein  Deutscher 
Ingenieure;  Washington  Academy  of  Sciences. 

The  list  of  his  publications  are :  Report  of  the  Universal  Expo- 
sition at  Vienna  (1873) ;.  History  of  the  Steam  Engine  (1878); 
Report  on  Alloys  (1878) ;  Materials  of  Engineering  (first  volume, 
1882 ;  second  volume,  1883 ;  third  volume,  1884) ;  Stationary 
Steam  Engines  (1883);  Development  of  the  Philosophy  of  the 
Steam  Engine  (1884);  Treatise  on  Friction  and  Lost  Work  in 
Machinery  and  Mill  Work  (1885);  Steam  Boiler  Explosions  in 
Theory  and  Practice  (1877);  Manual  of  Steam  Boiler  Design 
(1888);  Hand-book  of  Engine  and  Boiler  Trials  (1890);  Heat  as 
a  Form  of  Energy  (1890);  Reflections  on  tlio  Motive  Power  of 
Heat  (1890);  Life  of  Robert  Fulton  (1891) ;  Manual  of  the  Steam 
Engine  (1891). 
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Professor  Thurston  took  great  interest  in  the  achievement  and 
^development  of  the  steam  turbine,  but  particular  attention  was 
^mid  to  the  Parsons-Curtis  form. 

^  He  was  a  member  of  the  Municipal  Council  of  the  city  of 
Ithaca  and  took  part  in  the  discussions  as  to  the  practical  advisa- 
l»ility  of  the  introduction  of  a  voting  machine  to  contribute  both 
to  ease  and  rapitiity  of  the  voting  procedurp  and  to  the  exactness 
of  the  count.  Some  of  his  comments  will  be  found  in  a  paper 
before  the  Society. 

The  debt  wliich  American  Mechanical  Engineering  and  the 
work  of  tltp  technical  school  of  this  country  owes  to  Dr.  Thurston 
will  probably  never  be  adequately  recorded.  The  results  of 
pioneer  work  are  often  only  tlie  [wrts  which  are  in  evidence, 
the  sti-])S  which  have  led  to  the  result  being  obliterated  or  under- 
recorded. 

Furtbcnuore,  the  difficidty  of  the  later  steps  is  much  less  than 
that  of  the  earlier  process,  and  the  results  wliich  cost  no  much  to 
attain  by  tlie  earlier  process  are  frequently  ,s\vept  away  by  the 
improvonients  of  the  later  day.  Professor  Tiiurston  leaves  be- 
hind him  Ari  his  most  striking  monument  hiii  work  an  an  author, 
his  work  in  building  up  Sililev  College  and  the  admiring  memory  , 
in  the  hearts  of  liirf  students  and  professional  assiK-iates,  ^ 

Professor  Tliurstori's  contributions  to  the  Trnnsartions  of  thi)   > 
S<K-iety  iMV  as  f,ill,>\vs; 

"  On  t!ie  Rjitio  .if  K\]niiision  at  Maximum  Kfticiency  ";  "  Note  I 
Uelaling  to  ilie  I'mprr  Method  of  Fxpansioii  of  Steam  and  RegiH 
lation  of  the  Engine";  "Our  Progress  in  I^IcehaiiiciiJ  Engineer- 
ing ";  "  On  the  Scvira!  KtHeiencien  of  the  Steam  Engine,  and  oB 
tlif  Conditions  of  Maxiiiiinin  I'x'onomy";  "The  Mechanical  En-   I 
gim-er,  His   Wmk   ninl   His   Policy";  "  On  a  Newly  Discovered  | 
Variation   in  tlii'    KtF.rt  of  Prolonged   Stress  on  Iron";   "  Not«  | 
Relating  to  Water  lliiuiiiier  in  Steam  Pipe,<";  "Pressures  O V  J 
tainable  by  the  I'se  of  the   Drop  Press";  "  A   New  Theory  oj  | 
the  Turbine";  " 'j'lieory  of  the  Sliding  Friction  of  Rotation  "j  i 
"Steam  HoJlerM  as   Maga/ini's  of  Explosive  Eiicrg,v";  "On  th<  '  j 
Theory  of  (he  riiuiuec  of  l.ul.rieation  and  on  the  Valuation  of '  j 
Lubricants  by  C^lTl^Tllllers  ";  "On  the  Friction  of  Non-condenfr-J 
ing  Engines";  "  A   Note  on  Helical  Seams  in  lioih-r  Milking"}' 
"  The  Sysfenuitie  Testing  of  Turbine  Water  Wheel*  in  the  Umted| 
States  ";  "  Internal  Krietiou  on  Non-condeniiing  EngincH  ";  "  Pro-^ 
portioning  Steam  Cylinders "  ;    "  Large,  and    Enlarged   Phati>  j 
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graphs  and  Blue-prints  ";  "  On  the  Distribution  of  Internal  Fric- 
tion of  Engines  " ;  "  On  Variable  Load,  Internal  Friction,  and 
Engine  Speed  and  Work";  "Philosophy  of  the  Multi-cylinder 
or  Compound  Engine :  Its  Theory  and  Its  Limitations  " ;  "  Hirn 
and  Dwelshauver's  Theory  of  the  Steam  Engine;  Experimental 
and  Analytical";  "  Chimney  Draft,  Facts  and  Theories";  "Au- 
thorities on  the  Steam  Jacket,  Facts  and  Current  Opinion " ; 
"Steam  Engine  Efficiencies:  the  Ideal  Engine  Compared  with 
the  Keal  Engine  ";  "  Technical  Education  in  the  United  States  "; 
"  On  the  Maximum  Contemporary  Economy  of  High  Pressure 
Multiple-expansion  Steam  Engines  ";  "  The  Theory  of  the  Steam 
Jacket,  Current  Practice";  "Superheated  Steam,  Facts,  Data 
and  Principle";  "The  Promise  and  Potency  of  High-pressure 
Steam";  "Multiple  Cylinder  Steam  Engines,  EflFects  of  Varia- 
tion of  Proportions  and  Variable  Load";  "Graphic  Diagrams 
and  Glyptic  Models  "  v  "  Steam  Engine  at  the  End  of  the  Nine- 
teenth Century";  Keheaters  in  Multiple  Cylinder  Engines"; 
"  Steam  Turbine." 
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MEMOniAL    NOTICES    OF     MEMBEKS    PKCEASED 
DURINd    THE    YEAR. 

JF.UKMIAn    M.    A1,1,KN. 

On  DfcoiLihor  21),  11K);J,  i\tr.  Jorouiiiili  M.  AH.'n.  widply  IcnoBii 
til roiij;!  1011 1  the  I'liitril  Stilton  as  I'n'Hiilciit  ff  t.lif  Ilarffoni  Stoam 
Boiler  Iiisjioctiim  jiihI  IiisnnitK-c  (.'<niiiiiiiiy,  difil  at  iii»  Immp  in 
Hartfonl,  Conn.  .Mr.  Allen  wjis  boni  uw  \Uy  IS,  ls3S,  in  Knfield, 
Conn. 

Ilartfoni  will  ever  rcmcmlier  liiin  iiw  tin.'  Hrst  ProsidPiit  of  its 
Board  of  Trade,  organized  in  18SS,  nnd  ul.so  for  the  work  which 
he  did  while  ii  iiieiiilier  and  Ppesideiit  of  llip  Hoard  of  Tnisteps 
of  tlie  Hartford  Theolofricjil  Scmiunry.  ITo  was  directly  or  in- 
directly connected  witli  nearly  every  tin»Rcial  nr  indnstrial  inati- 
tiilion  ill  lliirtfiird.  Mr.  AUcii  was  a  incmbcr  of  nmny  scientific 
aocietiew,  ainonf!;  llieiii  I'lie  .\nicrieaii  Hiwidtv  of  Naval  Kngiheern, 
The  American  .V.ssociatioii  for  the  Ailvaiiecni.'ufof  Sei.-nee.  The 
American  HislonVal  S.jciety.  Tlic  ( 'nnnccticiil  llistoriea!  Society. 
and  this  Soricfy.  of  which  he  l.ccanie  a  i.ieinhcr  in  Aiii,'ii*t.    IS>^1. 

The  life  work  of  Mr.  Allen  may  he  --itiid  to  hnvc  l.eeii  given  to 
the  c<)iti|)jniy  of  wlii.'h  lie  was  head,  lie  liavinn  lield  tlie  prcsidcntfy 
eiiice  1SI17,  Mvcn  hel'm-c  lliitt.  time  he  was  ppcatly  intfircstpd  in 
innnraiioc  mutters.  He  lunl  for  ii  nuniher  of  yeara  l>ccn  a  li?c- 
tnrcr  on  insurance  tnpics  at  Sibley  ('"llcgt?  of  Conioll  University 
and  at  the  \V<)rccslcr  l'ol.vt<-chiiic  Institute.  He  also  founded  the 
magazine  called  ■■  The  Locomotive." 

.TACdK  NKFF  HAUU. 
Mr.  .Tju'oU  Xcff  Harr  win  horn  in  Lancaster  County.  Pennsyl- 
vania, July  !l.  ISIS.  During  liia  hoyh.HHl  ho  lived  on  a  farm 
and  atlcnilcd  jnil)li<'  school  until  the  ape  of  sixteen,  wlicn  lie  tiegan 
teaching  and  studying  at  the  same  lime  to  tit  hlnisi^lf  for  college. 
Aft<T  teaching  for  siunc  time  ho  attended  tltp  Miller<»villo,  Pa., 
State  Xonnal  School,   from   which   he  was  graduated  in   1809, 
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having  pursued  both  the  scientific  and  normal  courses  there.  He 
then  entered  Lehigh  University,  and  was  graduated  as  a  Mechan- 
ical Engineer  in  the  early  '70s.  After  leaving  Lehigh  he  entered 
the  service  of  the  Pennsylvania  Hailroad  Company  at  West  Phila- 
delphia, remaining  there  one  year,  and  was  then  transferred  to 
Altoona,  where  he  entered  the  drafting-room,  and  was  soon  after 
appointed  Superintendent  of  the  Wheel  Foundry.  While  at  Al- 
toona he  began  his  experiments  with  the  Sand  Flange  and  Con- 
tracting Chill  Methods  of  casting  car  wheels,  both  of  which  meth- 
ods he  patented  in  1883.  During  this  year  he  accepted  the  posi- 
tion of  Mechanical  Engineer  on  the  Chicago,  Milwaukee  &  St. 
Paul  road,  with  headquarters  at  Milwaukee,  and  two  years  later 
was  made  Superintendent  of  Motive  Power.  He  remained  with 
the  C.  M.  &  St.  P.  road  in  this  capacity  for  a  long  time.  In  1899 
he  accepted  the  position  of  Superintendent  of  Motive  Power  of 
the  Baltimore  and  Ohio  K.  R.,  with  headquarters  at  Baltimore, 
remaining  there  until  the  fall  of  1901,  then  taking  the  position  of 
Superintendent  of  Motive  Power  of  the  Erie  R.  R.,  with  head- 
quarters first  at  Binghamton,  N.  Y.,  and  later  at  Meadville,  Pa. 
In  May,  1902,  he  left  Meadville  and  the  Erie  road  to  take  the 
position  of  General  Superintendent  of  the  C.  M.  &  St.  P.,  with 
headquarters  at  Chicago.  .  One  year  later  he  was  promoted  to  the 
position  of  Assistant  to  the  President  of  the  C.  M.  &  St.  P.  road, 
lie  occupied  this  position  imtil  the  time  of  his  death.  In  the 
fall  of  1903,  after  suffering  from  a  severe  attack  of  pneumonia, 
he  developed  a  complication  of  heart  and  kidney  trouble,  and  on 
the  advice  of  his  physician  took  a  six  months'  leave  of  absence, 
going  to  California  in  January,  1904.  He  was  not  benefited  by 
his  stay  in  the  warmer  climate,  however,  and  returned  to  his  home 
in  Liberty ville,  111.,  during  the  month  of  April.  He  rapidly  grew 
worse  after  his  return,  and  passed  away  at  his  home  in  Liberty- 
ville,  111.,  on  May  15,  1904.  In  addition  to  his  inventions  of  the 
Sand  Flange  and  Contracting  Chill  Methods  of  car-wheel  casting, 
Mr.  Barr  made  numerous  other  important  inventions,  having 
taken  out  sixteen  patents,  all  of  them  covering  improvements  in 
either  cars  or  locomotives.  Mr.  Barr  was  a  prominent  member 
of  the  Master  Mechanics'  and  Master  Car  Builders'  Associations, 
and  had  a  thorough  knowledge  of  the  rules  governing  the  inter- 
change of  freight  cars. 

For  years  his  original  ideas  on  car  interchange  impressed  them- 
selves on  those  interested  in  the  revision  of  the  rules  at  the  Annual 


MEMIJERS   DECEASED  DUBING  THE   YEAH-  1123 

H?Onventions,  and  tlic  present  code,  whicli  is  largely  baaetl  on  the 
■^Tger  rcsixmaibility  of  the  car  owner  for  coat  of  repairs,  is  duo 
*»».  A  great  measure  to  Mr.  Barr'a  labor  for  that  principle. 

He  was  also  a  member  of  the  Western  Railway  Club — at  one 
"^ime  President — and  contributed  valuable  papers  for  ita  Proceed- 
^'Xigs.  He  was  a  man  of  exceptional  executive  power  and  of  re- 
^tearkable  mechanical  ability.  He  became  a  member  of  the  Society 
Sji  May,  1885. 

ROBERT  C.  BLACKALL. 
Mr.  Robert  C,  Blackall  was  horn  in  Albany,  New  York,  in  1S31, 
«nd  had  been  actively  connected  witii  railroad  work  since  1S50. 
IHe  was  a  journeyman  machinist  in  the  Saratoga  and  Washington 
shops  until  ISTiS,  uiachiniat  and  ganp  foreman  with  the  Hudson 
River  Railroad  until  I860,  and  successively  advanced  through 
Other  positions  on  the  Delaware  and  Hudspn  or  its  cnnstttiients. 
From  1870  to  18!)!)  he  was  Superintendent  of  ilotivc  Power 
and  Machinery  of  the  Delaware  ami  Hudson.  At  the  time  of  his 
death  he  was  (Jousiilting  Mechanical  Superintendent  of  the  D.  & 
H.  Canal  Conijiany. 

Mr.  Blackall,  besides  being  a  member  of  this  Society,  which 
he  joined  in  June.  IHD4,  was  also  a  member  of  the  American  Kail- 
way  Master  Meehanii^s'  Association,  of  which  he  had  been  Presi- 
dent, and  the  New  York  Railroad  Club,  having  been  President 
of  the  latter  for  several  yoara.  Mr.  Blackall  died  at  Albany, 
August  .'il,  1903. 

ROBERT  M.  nijANKKNSniP. 
Mr.  Blankenwhip  was  honi  in  Richmond,  Va.,  May  6,  1868. 
His  preparation  for  his  lifi>  work  wan  along  general  acndcnne 
linea  and  in  the  riicnncal  LiiI'Mnitorv  iif  the  Iron  and  Steel  Works. 
Inl8S8  he  entered  the  Obi  l>oruijii..n  Iron  and  Nail  Works,  as 
Bsaiatant  to  the  Siipcrintenilcnt,  mid  was  iiltinialely  made  SujM'rin- 
tendetit.  Ho  connected  hiinsrlf  with  the  Society  at  the  Provjdonoo 
Meeting  in  1891,  and  his  death  oetMirred  during  the  early  part 
of  lfl04. 

cor,.  iniNKV  M.  ROIKS. 
Col.  Henr\-  Martin  Boies  win  horn  on  the  18th  of  August,  1837, 
in  Lee,  Masa.  He  was  of  Fn-ncli-Huguenot  origin,  hia  aneestora 
migrating  to  Boston.  He  rntind  Tale  College  and  graduated  in 
1859.  He  entered  busineaw  life  at  once  as  a  mombor  of  the  firm 
of  Silver  &  Boies,  engagrd  in  traus])ortation  on  llic  Hudson 
River  between  Tivoli  and  New  York.     He  at  one  lime,  while  ii\ 
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Chicago,  joined  the  Ellsworth  Zouaves,  and  laid  the  foundation 
of  military  skill  and  experience  which  afterwards  proved  of  great 
service  in  the  National  Guard  of  Pennsylvania.  He  began  his 
continuous  and  most  successful  career  in  1865  at  Scranton,  Pa. 
Here  he  developed  rapidly  business,  social  and  mental  qualities 
which  won  him  success,  friendship  and  honor,  and  rounded  out 
with  symmetry  an  energetic  life,  filled  with  altruistic  purpose 
and  accomplishments.  He  started  in  the  powder  business  as  resi- 
dent member  of  the  firm  of  Laflin,  Boies  &  Turck,  which  was 
merged  in  the  Moosic  Powder  Company,  of  which  he  was  Presi- 
dent. It  was  allied  to  the  Laflin  &  Land  Power  Company,  of 
which  he  was  an  active  director,  which  afterwards  became  con- 
nected with  the  Dupont  interests,  whose  business  parallels  the  life 
of  the  Eepublic.  In  the  early  days  of  his  business  he  secured 
three  patents  on  his  invention  of  the  powder  cartridge,  an  in- 
genious device  to  diminish  the  hazardous  risk  of  the  use  of  powder 
by  the  miner,  and  to  conserve  his  safety  in  several  ways.  While 
in  this  business  he  was  called  to  the  presidency  of  the  Dickson 
Manufacturing  Company,  which  took  upon  it8(»lf  under  his  guid- 
ance a  greatly  enlarged  plant  and  diversified  output  of  manufac- 
ture for  a  mde  and  far  extended  territory.  At  this  ti^iie  his 
attention  was  called  to  the  need  of  an  improved  steel-tired  and  steel 
wheel  for  railroads.  His  study  resulted  in  three  patents  and  the 
erection  of  a  plant  for  their  manufacture.  After  making  it  a 
success  he  sold  the  business  to  become  united  with  the  larger  trust 
which  competition  made  necessary  in  order  to  secure  the  more 
perfect  output  and  larger  pecuniary  results. 

He  was  a  ready  writer,  and  furnished  articles  for  the  news- 
papers and  magazines  on  a  variety  of  subjects.  He  was  the 
author  of  two  publications,  one  entitled  "  Prisoners  and  Paupers," 
the  other  "  The  Science  of  Penology,"  which  have  received  com- 
mendation from  high  sources.     These  were  the  outgroA\i:h  of  his 

work  and  studv  while  a  member  of  the  Board  of  Charities  of  the 

<- 

State  of  Pennsylvania,  an  appointment  which  he  first  received 
from  Governor  Beaver,  and  which  was  followed  up  by  reappoint- 
ment by  succeeding  governors.  He  became  a  member  of  the 
Society  May  14,  1890. 

SIR   FREDERICK    JOSEPH    BRAMWELL. 

Sir  Frederick  Joseph  Bramwell,  first  Bart.,  created  in  1889, 
D.C.L.,  LL.D.  and  F.R.S.,  was  born  in  London,  March  7,  1818, 
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I  was  educated  at  tlie  Palace  School  nt  Enfield,  lie  served  his 
t  apprenticeship,  commencing  in  1S34,  with  Mr.  John  Hague, 
[  later  became  Chief  Draftsman  and  Manager  of  large  engi- 
ring  works  and  in  1853  established  himself  as  a  Consulting 
il  Engineer.  He  became  an  Associate  Member  of  the  Inatitu- 
I  of  Civil  Engineers  in  1856,  a  Memhor  in  1S62,  and  acted  aa 
tudent  of  that  Institution  in  1884.  He  was  also  an  active 
nber  of  the  Institution  of  Mechaniciil  Engineers,  serving  as 
isident  in  1874  and  187r>.  He  was  knighted  in  1881,  and  in 
(4  acted  as  Chainnan  of  the  Executive  Committee  of  the  In- 
tiona  Exhibition;  was  made  President  of  the  British  Asaocia- 
1  for  the  Advancement  of  Science  in  1888;  from  1885-1900 
red  as  Honorary  Secretary  of  the  Royal  Institntion  of  Qruftt 
tain,  in  honor  of  which  services  his  bust,  by  the  late  Mr. 
low  Ford,  has  been  placed  in  the  anteroom  of  the  lecture  hall 
that  Institution.  One  of  the  latest  groat  uiidcrtakinga  in. 
2li  he  was  concerned  was.  the  South  Wales  Electrical  Power 

Distribution  Company, 
Ce  was  the  reeipieut  of  many  honors  from  soientific  soeietiee, 

was  elected  a  fellow  of  the  Royal  Society  about  187!J,     He 

.particularly  active  and  <'uergetic  In  all  his  work,  and  waa 
icially  emphatic  aa  to  the  dignity  and  responsibility  of  the  engi- 
r  as  owing  it  to  the  (lublic  that  no  unworthy  sehemea  reached 
urity  through  lack  of  exposure  by  competent  engineers,  going 
'ar  on  one,  oecasi()n  as  to  publicly  denounce  a  plan  which  he 

been  retained  to  advocate. 

le  was  elected  to  Honorary  Memberyliip  in  this  Society  No- 
iber  6,  1884. 

WILLIAM    PITT   CANNING, 

fr.  William  Pilt  Cjiniiinp  waa  bom  Jti  Slwkhridge,  Haaa.,  Sep* 
ber  17,  1S44.  and  died  at  Warren,  Mas.'..,  Septemlier  I7,  1»0S. 
[is  education  was  received  from  liia  father,  Edward  W.  B. 
ning,  and  at  the  Slockhridge  Academy.  He  prepared  for 
?ge,  but  on  account  of  his  health  ^ave  up  undcrtuking  a  col- 
course,  and  went  to  Boston,  where  Iii!<  fatlier  had  been  ap- 
ted  Deputy  CdJector  of  the  Port. 

oon  affj>r  Iiis  arrival  in  Boston  he  enlisted,  serving  first  in 
Army  of  the  Potomac,  and  later  lir  was  a  member  of  Com- 
r  K,  Srtd  Reirinient.  Masaachusetfi  Volnnteera,  which  was 
ined  for  service  in  Louisiana,  but  in  eonscquence  of  ill-health. 


I 
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he  was  invalided  home  in  August,  1863,  one  year  after  his  en- 
listment. After  regaining  his  health,  he  served  two  and  one-half 
years  in  the  Charlestown  Navy  Yard. 

While  there,  he  was  engaged  in  repairs  on  the  "  Kearsarge  '* 
just  after  its  fight  with  the  "  Alabama."  He  then  served  the 
remainder  of  his  four  years'  apprenticeship  in  North  Andover 
and  Lowell. 

About  March,  1871,  he  went  to  Warren,  Mass.,  as  chief 
draughtsman  of  the  Knowles  Steam  Pump  Company,  remaining 
there,  with  a  few  months'  intermission,  until  1879,  when  he  went 
to  Lowell,  becoming  Mechanical  Engineer  for  the  Lowell  Machine 
Shop,  in  which  position  he  remained  till  1897,  when  he  went  to 
Warren  as  Designing  Engineer  for  the  Warren  Pump  Company. 

Prior  to  1871,  when  at  the  Lowell  Machine  Shop,  he  was  often 
employed  to  work  out  over  the  drawing-board,  or  to  reduce  to 
practice  in  metal  the  ideas  of  some  inventor  of  textile  machinery. 
During  the  period  of  his  employment  as  Mechanical  Engineer  by 
the  Lowell  Machine  Shop,  from  1879  to  1897,  he  had  charge, 
under  the  direction  of  the  Superintendent,  Mr.  Charles  L. 
Hildreth,  of  the  design  and  manufacture  of  a  variety  of  im- 
portant textile  machines.  From  time  to  time  it  became  his  duty 
to  introduce  into  their  manufacture  a  standard  machine  which 
had  not  before  been  manufactured  by  that  corporation,  or  to 
change  the  design  of  some  machine,  for  the  purpose  of  removing 
some  inherent  defect,  or  of  adapting  it  to  some  pe,culiar  applica- 
tion. Sometimes  the  problem  was  to  "  Americanize  "  a  machine 
of  foreign  origin.  Such  duties  gave  opportunity  for,  and  re- 
quired the  exercise  of,  his  inventive  powers  within  the  limitations 
which  were  fixed  by  the  '^standard  "  nature  of  output  with  which 
he  was  concerned.  His  designs  and  inventions  had  a  stabil- 
ity and  reliability,  after  he  had  tested  and  modified  them  to  his 
satisfaction,  which  made  it  practically  certain  that  they  would  also 
be  continually  satisfactory  to  those  who  a])j)lied  the  machines  to 
the  uses  for  which  th(\y  were  ada])ted. 

He  was  a  man  who  won  and  retained  to  an  unusual  extent  the 
confidence,  cooperation  and  esteem  of  his  associates. 

He  was  elected  a  member  of  the  Society  in  May,  1890. 

JAMES    A.    CONNELL. 

Mr.  James  A.  Council  was  bom  in  New  York  City  April  4, 
1850.    He  received  his  preliminary  education  in  the  public  schools 
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l^ff  the  city,  and  later  completed  a  course  in  Cooper  ITnion,  receiv- 
ing the  degree  of  Mechanical  En^neer  from  tha-t  institution. 

At  an  early  age  he  learned  the  machinist's  trade,  and  worked 
iMB  mfichinist  and  tool-maker  in  \'ariou3  shops  in  New  York  for 
^^'^everal  yeare,  then,  turning  his  attention  more  to  steam  engineer- 
^"^ag,  he  "was  appointed  Chief  Engineer  of  the  American  News 
*=Company's  building.  In  1881  he  was  appointed  Chief  Engineer 
^^  the  New  York  Produce  Exchange,  the  jHwition  which  he  held 
^Jlt  the  time  of  his  death.  He  Ijecamo  a  member  of  this  Society 
^tn  1893,  and  always  took  a  grtat  interest  in  its  welfare  and  was 
^t  regular  attendant  at  moat  of  the  meetings. 
-'-.  Mr.  Connell  had  a  strong  personality  and  made  many  firm  and 
lasting  friends  among  his  business  associates. 

He  died  on.  January  2,  1904,  from  pneumonia,  after  an  illness 
of  only  a  few  days. 

RUSSELL    WHEELRR    DA\'KNPOUT 

Mr.  Russell  Wheeler  Davenport  died  in  Phila(lcli>hi!i  on  Maroh 
2,  1004,  diatiuguislicd  both  as  a  metallurgist  and  a  manager  of 
men. 

The  sen'ices  rendered  by  Mr.  Davenport  to  the  steel  industry 
of  tliis  conntry  while  the  manufacture  of  the  higher  grades  of 
open-hearth  steel  was  in  its  infancy  have  never  been  fully  real- 
ized or  apjireciatcd  by  the  members  of  our  Society. 

When  in  the  early  eighties  the  Ordnance  Bureau  of  our  Navy 
Department  decided  to  equip  the  cniiaers  with  modem  high- 
power  steel  cannon,  the  specifications  for  the  steel  to  be  used  in 
the  tulK's,  jackets  and  lioops  of  these  guns  were  made  more  «ever6 
than  those  adopted  by  any  European  government  at  that  time. 
And  the  problem  of  making  steel  for  succesBfully  filling  these 
9|HJcif]eations  was  solved  by  Mr.  Daveuiwpt  in  the  works  of  Uio 
Mldvale  Steel  (.'«.  at  Philadelpliiu,  witliout  the  aid  or  advice  of 
any  foreign  melallurgist  or  company,  and  mthout  even  the  ad- 
vantage whieJi  might  have  boon  derived  from  the  inspection  of 
foreign  steel  works. 

Even  at  tliis  time,  after  twenty  years  of  i'x|»firionco  and  witli 
the  aid  of  the  best  talent  in  this  country  and  Europe,  tho  manu- 
facture of  steel  to  successfully  meet  these  specifications  prceentfl 
one  of  the  most  difficult  of  metallurgical  problems. 

The  series  of  ex|)erimeuts  systematically  and  carefully  con- 
ducted by  Mr.  Pavcux>ort  through  a  term  of  several  yo&n,  wblcli 
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ended  in  the  prodnction  of  gim  steel  at  the  Midvale  works  equal 
to  any  in  the  world,  surely  deserves  to  rank  among  the  most  not- 
able metallurgical  achievements  of  this  country. 

The  diflBiculties  and  discouragements  which  Mr.  Davenport  met 
with  and  successfully  overcame  in  this  work  can  only  be  appre- 
ciated by  those  who  were  with  him  at  the  time.  • 

Probably  the  reason  that  his  work  at  Midvale  never  received 
the  general  recognition  which  it  deserved  was  that  soon  after  he 
had  successfully  solved  the  problem  the  Bethlehem  Steel  Company 
decided  to  go  into  the  manufacture  of  ordnance  on  so  large  a 
scale  that  the  eyes  of  all  engineers  were  turned  upon  them,  and 
the  plant  of  the  Midvale  Company  at  that  time  remained  com- 
paratively so  small  that  Mr.  Davenport,  the  true  pioneer  in  this 
field,  was  overshadowed. 

It  is  a  notable  fact,  however,  that  before  the  ordnance  plant  of 
the  Bethlehem  Steel  Company  was  completed  the  services  of  Mr. 
Davenport  were  secured  by  them,  and  that  under  his  direct  super- 
vision their  furnaces  were  started  so  smoothly  and  successfully 
upon  their  work  as  to  excite  the  admiration  of  the  entire  engi- 
neering fraternity. 

It  is  needless  to  point  out  the  far-reaching  effect  which  the 
ability  to  accurately  fill  specifications  for  the  higher  grades  of 
steel  has  had  upon  all  branches  of  engineering  in  this  country. 

As  a  manager  of  men  Mr.  Davenport  was  as  successful  as  in 
his  metallurgical  work.  Although  he  was  always  a  rigid  cBscipli- 
narian  his  straightforward  truthfulness,  his  tact,  his  kindly  dis- 
position and  his  untiring  cmorgy  obtained  for  him  the  love  and 
respect  of  alLHCjuare  men  with  whom  he  came  in  contact.  And 
in  his  long  and  HucccHnfiil  intcTcourse  with  the  Army  and  Navy 
Departnionts  at  Washington  \w  demonstrated  beyond  question  the 
fact  for  wliicli  lie  always  conhMKlcd — that  the  policy  of  simple, 
direct  truth fuhicss  was  (he  only  one  to  adopt. 

F()r  three  years  before^  (lie  purchase  of  the  Bethlehem  Steel 
(-oinpany  l)y  its  present  owiu'rs  he  suecessfully  filled  the  place 
tliere  of  Ku])erintendent  of  Manufaeture.  This  was  during  the 
trying  period  of  the  reorganization  of  that  company,  and  his  posi- 
tion during  this  time  can  only  be  adequately  described  as  that  be- 
tween the  hammer  and  the  anvil. 

For  the  year  before  his  death  he  was  Vice-President  of  the 
Cramp  Shipbuilding  Company,  and  his  management  of  their  af- 
fairs was  so  sueee?^ful  that  he  was  to  have  been  unanimously 
elected  president  of  that  company  at  their  next  meeting. 
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Mr,  Davoiiport  was  bom  in  Albany,  N,  Y.,  on  March  26,  1843. 
""h"  entered  the  Sheffield  Scientific  School  in  1868^  and  graduated 
'Sn  1871;  spent  1871  and  1872  as  assistant  to  Professor  Brush  in 
•the  chemifiil  laboratory,  and  then  took  a  course  in  the  Royal 
School  of  ilinea  at  the  TJnivt?rsity  of  Berlin.  In  May,  1874,  he 
vent  to  the  ilidvale  Steel  Company  as  chemist,  and  successively 
•occupied  the  positions  there  of  Asaistant  Superintendent,  Super- 
intendent and  General  Manager.  In  1SS8  lie  accepted  the  jxiai- 
tion  of  Assistant  Superintendent  of  the  Bethlehem  Steel  Company. 
Tor  a  number  of  years  he  was  the  Second  Vice-President  of  that 
company,  and  for  three  years  before  his  resignation  in  1001  ho 
■was  Superiiifcndent  of  Manufacture,  At  the  time  of  his  death, 
March  2,  lli04,  he  was  the  Vice-President  and  Manager  of  the 
Cramp  Shipbuilding  Company  of  Philadelphia.  lie  became  a 
member  of  the  Society  in  1902. 

CIIAELES    M.    DAY. 

Mr,  Charles  M.  Day  was  omployed  by  the  Ilopedale  Machine 

Company  of  Hopedale,  Mass.  (the  company  was  later  merged  with 

others   into   the   Draper    Company),    served    an    apprenticesliip, 

worked   in   various  -^hnps,   notably   those   of  Pratt  &   Whitney, 

Bro^ni  &  Sliarpe,  and  other  high-grade  places.     He  returned  to 

Hopedale,  and  took  charge  of  Ihc  tool-making  department  of  the 

coucem.    Later  he  was  given  charge  of  the  moat  important  miuiu- 

,    facturing  department  of  the  works,  and  still  lut.er  was  upptiinted 

I     General  Superintendent,  which  place  he  held  at  the  time  of  bis 

death. 

He  was  a  meniber  of  the  lioartl  of  Diroctors,  and  always  filled 
the  positions  to  which  he  waa  elected  with  entire  Hati!«facUon. 
He  was  an  honest,  able,  uprigiit  man ;  of  great  executive  ability, 
a  fine  mechanic  and  one  whose  intlnenee  was  felt  not  only  in  liis 
businese,  but  in  the  administration  of  the  affairs  of  govornnient. 
Hlb  death  was  a  great  loss  to  his  business  assoeiatcs,  and  a  severe 
blow  to  the  community  in  which  he  lived. 

Mr.  Day's  death  oecnrn'd  in  the  latter  part  of  February,  1903, 
at  the  age  of  about  forty-three.  He  became  a  member  of  the 
Society  in  May,  1884. 

ELIIHT    DODDS. 
Mr.  Elihu  Dodds  was  born  near  Pittsburgh,  Pa.,  in  1842.     At 
the  beginning  of  the  War  of  the  Kebeltion  he  unlisted  tfi  Company 
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A,  5th  Eegiment^  Excekior  Brigade,  74th  New  York  Volunteers, 
and  was  color-bearer  for  about  two  years,  winning  a  reputation 
for  bravery  possessed  by  few.  At  the  close  of  the  war  he  located 
at  Indianapolis,  Ind.,  and  in  1866  entered  the  service  of  Chandler 
&  Taylor,  serving  successively  as  pattern-maker,  foreman  of  pat- 
tern shop,  draughtsman,  designer,  assistant  superintendent  and, 
finally,  superintendent.  This  position  he  held  until  stricken  with 
that  dread  disease,  tuberculosis,  which  caused  his  death  on  June 
10,  1903,  at  Phoenix,  Arizona.  He  was  thorough  and  painstaking 
in  all  of  his  undertakings,  and  won  the  respect  and  confidence  of 
all  with  whom  he  came  in  contact.  He  became  a  member  of  the 
Society  May  31,  1887. 

CHARLES    F.    ELMES. 

Mr.  Charles  F.  Elmes,  President  of  the  Chas.  F.  Elmes  Engi- 
neering Works,  Chicago,  and  one  of  the  oldest  and  most  promi- 
nent mechanical  engineers  of  that  city,  died  as  a  result  of  para- 
lysis on  January  10,  1904.  Mr.  Elmes  designed  the  pumps  and 
propelling  machinery  for  the  first  Chicago  fire-boat,  and  also  de- 
signed the  first  fire-boat  for  the  city  of  Milwaukee,  both  of  them 
proving  highly  efficient.  Mr.  Elmes  was  bom  in  Hallowell,  Maine, 
December  1,  1845,  removing  to  Wisconsin  in  1858,  and  three 
years  later  to  Chicago.  Serving  an  apprenticeship  in  the  ma- 
chine shop  conducted  by  his  father,  Carleton  D.  Elmes,  he  gained 
thorough  practical  knowledge  as  a  machinist,  engineer  and 
draughtsman  which  contributed  to  his  great  success  in  the  engi- 
neering field.  His  father  and  he  then  formed  a  copartnership 
under  the  name  of  Elmes  &  Son,  which  continued  until  the  death 
of  the  elder  Elmes  in  1877.  From  1877  to  1895  the  business  was 
conducted  under  the  name  of  Charles  F.  Elmes.  In  the  latter 
year  the  corporation  was  formed  which  has  since  been  known  as 
the  Charles  F.  Elmes  Engineering  Works,  his  two  sons,  Carleton 
L.  and  Charles  W.,  who  for  several  years  had  been  in  their  father's 
.  employ,  being  admitted  as  stockholders  of  the  new  company.  Mr. 
Ehnes  became  a  member  of  the  Society  in  November,  1883. 

CLARK    FISHER. 

Mr.  Clark  Fisher  was  bom  at  Levant,  Maine,  May  27,  1837. 
His  preparatory  studies  were  undertaken  at  the  Academy  at  Tren- 
ton, N.  J.,«and  he  entered  the  Rensselaer  Polytechnic  Institute  at 
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r'xxiv,  N.  Y.,  in  1854,  and  gradnated  in  1858  as  Oivil  Engineer. 
^i^  entered  the  United  States  Navy  as  Third  Assistant  Engineer 
^<t«y  3,  1859,  became  Second  Assistant  July  1,  1861,  and  First 
*»s«i8tant  July  25,  1866,  and  was  made  Chief  Engineer  January 
^^,  1S71.  He  left  the  service  on  accoimt  of  the  death  of  his 
*'^ther  and  the  loss  of  his  brother,  who  was  killed  at  Fort  Fisher, 
*•**.  order  tliat  some  one  of  the  family  should  carry  on  the  business. 
■*lifi  record  of  military  service  is  as  follows : 
_^  "Clark  Fiwlier  served  in  the  navy  from  early  in  1859  to  1872, 
■**».  the  various  grades  of  his  corps,  through  the  War  of  the  Rebel- 
*^<in.  particijiating  in  the  engagements  at  Whitehouse  Landing; 
-^*ocotaligo  in  1862;  in  the  attack  on  Morris  Island,  Charleston 
■•^.arbor,  including  the  bombardment  of  Fort  Sumter;  the  attack 
^*n  Fort  Wagner  and  Stono  Inlet  in  1863;  the  advance  up  the 
'•Sanies  River  in  the  attack  on  Ho\vlett'a.  and  the  Dutch  Gap  Canal 
Sji  1864. 
'  "  He  was  taken  prisoner  at  ilagnotia  Station,  S.  C,  in  1863,        I 

I  \ut  escaped  xhn  hardships  of  a  prison  life  after  being  confined  but 
I  one  nigljt.  He  was  a  brilliant  (■ngiueer,  and  did  some  valuabla  | 
I  work  for  the  Navy  Department  at  the  Brooklyn  Navy  Yard  in  i 
the  elaWnite  and  conclusive  experiments  he  carried  out  at  that  j 
citation  that  established  the  value  of  oil  as  a  fuel,  and  in  originat-  I 
!      ing  devices  for  the  economical  eombustion  of  thia  fuel,  clearly        I 

demonstrating  its  value  and  its  ]imitjition»,  which  arc  now  u  part 
!     of  the  records  of  the  Navy  DepiirlmeTit. 
'  '*  Sir.  Fiahcr  was  highly  esteetrji'd  liy  Commodore  Ishorwood,        I 

Chief  of  Ihe  Bureau  of  Steam  Engineering  of  the  Navy  Depart- 
'     moot  during  the  War  of  the  Rebellion,  for  hia  ability  in  carrying        I 
I     out  the  experimental  work  at  the  Navy  Yard  and  developing  tho 
science  of  modern  stenni  engineerint:." 

Hi.i  fiitber,  Mark  Fisher,  estulilisheil  tlio  Eagle  Anvil  Works, 
in  Trenton,  N.  J.,  which  Clark  Fisher  carried  on  after  his  father's 
death,  and  miiiie  it  a  great  sueeess.     lie  was  a  memlH-r  of  tho        | 
Ameriean  Soriety  of  Civil  Eiiginccre,   and  joined   Ihis  Society 
Angnst  1,   1S1I3.     Clark   Fisher  died  at  Flushing.  Long  Island,        ' 
J>ecem(icr  ^I,  li'O.'i,  after  a  severe  lllnejis,  and  liis  life. was  length-        | 
cned  by  the  devotion  of  his  wife,  who  had  already  nnr^id  him 
faithfully  through  two  severe  attacks  in  preceding  yeara.     The 
Government  detailed  a  naval  escort  for  tho  funeral,  and  ha  was 
buried  in  Trenton,  N.  J.,  with  naval  honors. 


II,  anu  no  waa      j 
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DAVID   ROSS   PRASER. 

Mr.  David  Ross  Fraser  was  bom  at  Berwick-on-the-Tweed, 
Scotland,  on  May  18,  1824,  and  came  to  the  United  States  in  1848 
(May),  at  the  age  of  twenty-four  years,  where  he  was  first  em- 
ployed in  machine-shop  work  at  Pittsburgh.  He  arrived  in 
Chicago  September  5,  1848,  and  his  first  employment  there  was 
with  Gates  &  Hoag,  which  firm  later  became  Gates  &  McHight. 
Mr.  Thos.  Chalmers,  witli  whom  he  created  the  firm  of  Fraser 
&  Chalmers  twenty-three  years  later,  was  tlien  in  the  employ  of 
Gates  &  Hoag. 

In  April,  1850,  he  crossed  the  plains  to  California  as  a  gold- 
seeker,  but  fever  and  ague  drove  him  back  in  the  same  year, 
returning  via  Panama.  However,  he  returned  to  California  in 
1852,  seeing  an  opportunity  for  mechanics,  and  was  employed  in 
machine  shops  in  San  Francisco;  but  though  gaining  an  excep- 
tional reputation  as  a  mechanic  and  earning  extraordinary  wages 
and  with  a  fine  prospect  for  advancement,  ague  again  drove  him 
back.  He  again  returned  to  Chicago  via  Panama  in  1853,  and 
entered  the  employ  of  Scovillc  &  Sons'  Locomotive  Works  as  fore- 
man. These  works  stood  on  the  land  now  occupied  by  the  Union 
Depot  at  the  corner  of  Canal  and  Adams  Streets.  Here  he  super- 
intended the  building  of  the  first  locomotive  ever  built  in  Chicago, 
and  personally  ran  it  by  its  own  steam  over  the  plank  road  then 
on  Canal  Street  from  Adams  to  Kinzie  Street,  delivering  it  to 
the  Galena  and  Chicago  Railroad,  the  first  steam  railroad  in  or 
out  of  Chicago. 

In  1854  the  Scovillc  &  Sons'  Works  closed,  and  Mr.  Fraser  en- 
gaged with  P.  W.  Gates  &  Co.,  where  he  built  engines  for  some 
time  by  contract.  As  foreman,  he  continued  with  this  firm  until 
1857,  during  which  time  he  became  a  partner.  Then  came  the 
organization  of  a  new  company,  E.  W.  Gates  &  Co.,  operating 
under  the  title  of  the  Eagle  Works  Manufacturing  Co.,  at  the 
comer  of  Canal  and  Washington  Streets,  and  in  which  both 
Mr.  Fraser  and  Mr.  Thomas  Chalmers  were  stockholders  and 
acting  Superintendents  until  1872,  when  shortly  after  the  great 
Chicago  fire  they  withdrew  and  started  the  renowned  business 
known  as  Fraser  &  Chalmers,  which  grew  and  prospered  wonder- 
fully under  that  name,  and  which  name  was  retained  until  it  was 
purchased  in  1890  by  an  English  syndicate.* 

*  This  corporation  has  since  been  merged  into  the  Allie- Chalmers  Companj. 
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Mr.  Fraaer  went  to  England  in  1890  and  erected  there  the  i 
-.JSnglish  works  of  Fraser  &  Oiialiiiere,  Limited,  at  Erith,  on  the 
s  Rirer,  a  short  distance  from  London,  and  except  for  some 
nonthb  when  he  was  called  to  t'hicago  to  take  charge  of  the 
Chicago  factory  during  a  period  when  it  was  nearly  overwhelmed 
ipith  ordera  for  mining  maehinerv,  and  which  hia  brilliant  execu- 
tive ability  in  shop  management  overcame,  he  was  engaged  in 
■ection  of  this  English  works  and  operating  tbom  until  the  spring 
of  1P(J3. 

In  1893  Kt.  Fraser  retired  from  active  business,  but  was  Vice- 
IPresident  and  largest  stockholder  in  the  Chicago  Portland  Cement 

iCouipauy. 
In  November,  1851,  he  married  Miss  Lydia  H.  Scoville.  Their 
golden  wedding  was  celebrated  iu  November,  1901,  surrounded  i 
by  their  children  and  grandchildren, 
Mr.  Fraser  has  held  an  enviable  reputation  as  a  mechanical'l 
engineer  and  invented  numerous  mechanical  devices.  Hia  gcniuB  ' 
was  oalk'd  into  play  to  good  purjioae  in  the  develojiment  and  im-  j 
provciiient  of  mining  machinery,  as  will  be  recalled  with  pleiisurfl  " 
by  many  engaged  in  the  mining  districts  in  every  part  of  tlie  ^ 
world. 

He  possessed  a  most  winning  personality  and  made  hosta  of  \ 
friend.*,  !ii^  generous  and  kind  yet  firm  disposition  endearing  him 
to  the  lowliest  in  his  employ. 

He  died  May  30,  1904,  from  a  stroke  of  apoplexy,  after  twenty- 
four  hours'  unconsciousness  following  the  attack. 
He  became  a  member  of  the  Society  May,  1886. 


STEPHEN   J.    GEOQHEOAN. 

Mr.  Stephen  J.  Geoghegan  was  l>oro  May  10,  1830.     .\t  aboat.J 
the  age  of  twelve  he  entered  the  employ  of  Mr.  Tbomaa  Carter, 
a  manufacturer  of  gas  fixtures,  located  oa  the  Bowery  near  QraadJ 
Street,  and  remained  four  years. 

He  then  entered  the  emjiloy  of  tlie  firm  of  Leak,  Wood  All 
Hunter,  one  of  tlic  pioneers  in  the  manufacture  of  fittings  forJ 
steam,  water  and  gas  supply. 

Upon  the  deatli  of  Mr.  Leak,  in  ISRIJ,  and  the  withdrawal  of 
Mr.  Wood  from  the  firm,  it  then  became  the  firm  of  Hunter  & 
Kellar,  and  at  thi,-»  time  Mr.  Gei^liegan  was  made  SuperintendonL 

He  remained  with  this  firm  until  May,  1886,  when,  with  Mr.  , 
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A.  S.  Cameron,  he  formed  the  firm  of  Cameron  &  Geoghegan, 
designing  and  constructing  Heating  and  Ventilating  Apparatus. 

Later  he  successively  allied  himself  with  E.  D.  Slater,  J.  F. 
Riley,  and  T.  A.  Coles,  until,  in  1869,  Mr.  Charles  J.  Gillis  be- 
came associated  with  him,  forming  the  firm  of  Gillis  &  Geoghegan. 

Mr.  Geoghegan  was  a  master  mechanic  in  all  that  pertained  to 
his  work,  and  in  the  great  advance  and  progress  made  in  this  line 
during  his  time  he  bore  no  small  part  developing,  as  well  as  suc- 
cessfully operating,  his  own  business.  His  death  occurred  Sep- 
tember 7,  1903. 

He  became  a  member  of  the  Society  May,  1887. 

P.  J.   GREENWOOD. 

Mr.  Greenwood  was  born  in  England,  May  19,  1840.  He  be- 
came a  machinist  apprentice  and  served  the  usual  seven  years  with 
private  instruction  in  drawing  and  mathematics.  His  mechanical 
work  was  on  gun  tools,  for  the  making  of  pipe  fittings,  together 
with  general  work  on  locomotive  and  stationary  engines. 

Something  over  thirty  years  ago  his  attention  was  directed  more 
and  more  to  shoe  machinery  and  their  manufacture,  and  he  fol- 
lowed this  special  line  of  work  in  connection  with  the  Tredegar 
Iron  Company  of  Richmond,  until  the  time  of  his  death. 

He  joined  the  Society  at  the  time  it  met  in  his  home  city  of 
Richmond,  Va.,  in  1890.    He  died  December  22,  1902. 

JOHN  HULETT. 

Mr.  John  Hulett  was  bom  in  Brooklyn,  N.  Y.,  March  14,  1874. 
At  an. early  age  he  removed  to  Newburgh,  N,  Y.,  where  he  re- 
ceived his  education  in  the  public  schools  of  that  city,  after  which 
he  entered  the  Newburgh  Academy,  graduating  in  1892.  The 
following  year  he  took  a  post-graduate  course  at  the  Academy  and 
conducted  the  Manual  Training  Shop  Course.  In  September,  1893, 
he  entered  the  Mechanical  Engineering  Course  at  Cornell  and 
graduated  in  1897.  After  leaving  college  he  entered  the  draught- 
ing-room  of  the  Metropolitan  Street  Railway  Company,  leaving 
there  in  1898  to  enter  the  employ  of  the  Boston  Rubber  Shoe 
Company.  In  1899  was  connected  with  the  Edison  Electric  Illu- 
minating Company  of  Boston.  Early  in  1902  he  accpted  the 
position  of  Chief  Engineer  of  the  Monongahela  Manufacturing 
Company  of  Monongahela,  Pa.  He  became  a  member  of  the 
Society  December  6,  1899. 
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JOHN    HUMPIIliEY. 


Mr.  John  HumpLrcy  was  bom  in  Lvnilon,  Vt.,  October  12,1834, 
»^it  nearly  all  bis  life  had  been  a  resident  of  Cheshire  County, 
Laving  gone  to  Eindge  when  he  wag  very  young  and  afterwarrta 
i.'ving  in  Nelaon,  Harrisville,  Marlboro,  and,  since  1856,  in  Keene, 
^th  the  exception  of  two  years  in  White  River  Junction,  Vt. 
Mr.  Humphrey's  educational  adv:intagcs  were  limited  to  anch  in- 
itruction  as  he  could  get  in  the  public  schools,  but,  having  a  thirst 
Eor  knowledge  and  an  excellent  memory,  he  applied  himself  dili- 
gently and  mastered  such  books  as  came  within  his  reach,  both 
on  mathematics  and  mechanics,  in  which  he  was  especially  inter- 
ested, and  on  general  subjects.  Later  he  studied  mechanical  engi- 
neering and  hydraulics  very  thomughly,  and  became  an  expert  in 
the  construction  and  designing  of  water  wheels.  He  became  a 
member  of  the  Society  Jlay  15,  l,>iSiit, 

Mr.  Humphrey  atiirted  out  at  the  age  of  twelve  years  to  find 
employment  and  gain  his  own  livelihood,  his  first  engagement 
being  in  the  wooilcnware  business  for  about  three  years.  Then, 
after  clerking  a  year  in  a  country  store,  he  went  into  a  wooden- 
ware  mill  in  Nelson,  and  while  there  began  making  patterns  for 
a  machine  he  bad  invented,  and  later,  after  visiting  a  foundrj'  in 
Harrisville  to  olilain  information  as  to  the  shrinkage  of  metal, 
shaping  and  Coring  of  patterns,  etc.,  accepted  a  generous  and  en* 
couraging  proposition  from  Mr.  Mainard  Wilson  to  work  in  his 
shop  and  at  the  same  time  to  build  bis  machine.  The  machine 
was  successfully  built,  and  Mr.  lliutiphrcy  remained  at  the  shop 
until  Mr.  Wilson's  deatlt  in  18.'>4,  the  business  afterwards  con- 
tinuing in  his  charge  for  a  year.  In  1S■^5,  being  of  age,  Mr. 
Humphrey  formed  a  partnership  in  Marlboro',  where  he  on- 
gaged  in  bu.'siness  for  n  year  as  a  maebinc-makiT,  etc.,  but  The 
partnership  not  proving  satisfactory  lie  came  to  Keene  and  en- 
tered the  macliitie  shop  of  H.  T,.  Hnynr«  as  nn  employee.  Ho 
devoted  his  leisure  liine  to  the  making  of  special  macliineH,  and 
in  185i),  while  wetting  u]i  one  of  tlicm,  made  an  pugngpment  at 
White  River  .Tunctiou,  whore  he  mauufaetnred  *boepeg  and  other 
machinery  alwut  two  years,  until  the  shop  burned  down,  Mr. 
Humpbrey  then  returned  to  Keene  and  took  the  shop  of  Mr. 
Haynes.  beginning  a  business  on  his  own  account  which  has  sincB 
continued  successfully  under  the  firm  name  of  J,  Hnmphrcy,  J. 
Humphrey  &  Co.,  and  The  Hnmphrey  Jrachine  Co. 
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Mr.  Humphrey  v/as  one  of  the  leading  spirits  in  the  erection 
of  the  Beaver  Mills  plant,  and  removed  his  machine  shops  there 
from  Ralston  Street  on  their  completion.  He  made  a  great  variety 
of  wood-working  machines  from  improved  designs  of  his  own,  and 
in  the  line  of  clothespin  and  shoepeg  machinery  developed  much 
that  was  entirely  new.  His  shoepeg  machinery  is  still  sent  to 
foreign  countries  where  such  pegs  are  in  use  to-day.  His  clothes- 
pin machines  are  also  in  use.  He  also  made  a  great  number  of 
special  machines  designed  by  himself  to  solve  complicated  prob- 
lems for  others,  and  was  very  successful  in  that  line  of  work.  An 
excelsior  machine  was  one  of  his  later  productions,  and  among 
other  things  designed  and  improved  by  him  was  a  lumberman's 
log  caliper  for  computing  the  contents  in  logs  in  cord  or  board 
measure. 

The  Humphrey  Machine  Company,  of  which  Mr.  Humphrey 
has  always  been  the  manager,  was  formed  in  1873.  He  began 
making  water  wheels  some  years  before  that,  but  brought  out  his 
very  successful  I-X-L  turbine  about  that  time.  There  are  a  large 
number  of  these  wheels  in  use  in  New  Hampshire,  Massachusetts 
and  Connecticut,  from  which  most  satisfactory  results  have  been 
obtained.  The  largest  I-X-L  wheel  built  by  Mr.  Humphrey,  100 
inches  in  diameter,  has  been  in  use  nearly  twenty  years  by  one 
of  the  big  Lowell  corporations.  The  X-L-C-E,  a  double  wheel  on 
a  horizontal  shaft,  was  designed  later  by  Mr.  Humphrey,  and  has 
also  been  most  successful.  In  1888  he  purchased  of  the  late  Moses 
Ellis  his  iron  foundry  on  Davis  Street,  which  he  has  since  car- 
ried on  together  with  his  machine  shop. 

For  nearly  six  years  he  had  been  publisher  of  a  monthly  paper 
called  "  The  Investigator,"  which,  as  its  name  indicates,  treated  of 
matters  in  mechanical  and  other  lines  for  which  there  appeared 
occasion  for  investigation.  A  series  of  articles  on  "  Water  Power  " 
treated  of  that  subject  in  a  manner  that  gave  much  information 
on  points  not  generally  understood,  and  during  his  illness  many 
articles  of  interest  relative  to  machinery  have  been  published, 
while  by  rare  will-power  and  persistency  he  also  continued  to  di- 
rect his  business,  the  details  of  which  he  always  worked  out  him- 
self. • 

Mr.  Humphrey's  death  occurred  on  Monday,  August  24,.  at  the 
age  of  68  years. 
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FRANK  KEMPSMITH. 
r.  Frank  Kempamith  began  his  tnethanical  career  at  the  age 
irteen  and  became  a  highly-skillod  iiiaeliiiiist  and  tool-maker. 
vorked  ia  various  Eastern  sbops,  influding  (Jarvin'ia  in  New 
t  and  Brown  &  Sharpe's,  being  noted  for  his  skill,  good  judg- 
;  and  conscientioua  work. 

iter  he  went  West,  and  was  for  a  lime  a  tool-maker  in  Spring- 
I  Ohio.  Afterwards  he  became  Superintendent  of  the  shops 
'amer  &  Swasey,  of  Cleveland,  the  Lick  Telescope  being  con- 
fted  there  at  that  time.  From  there  he  returned  to  Spring- 
,  where  i\'ith  two  j>artners  he  started  in  business,  building 
line  tflols,  and  about. siKtJ^en  years  before  hia  death  moved  to 
raukoe,  where  by  hiiiiMolf  he  built  up  a  business  now  known 
e  Kempgiiiith  Manufacturing  Company.  Owing  to  ill-healtli 
lally  retin-d  from  busincs-i.  His  death  occurred  in  Milwaukee 
,pril  10,  1004.    lie  became  a  inomlier  of  the  Society  in  May, 

FREDKRICK    11.   LAPOROE. 
r.   Frederick  Henry  I.iiForge's  death  occtirred  iiti  August  1, 
,  at  tiie  Wnterlniry  ilospital,  where  ]»■  Imd  liccn  under  troat- 
;  since  the   first  jiart  uf  May,      lie  had  snffored  for  some 
:h3  with  paralysis. 

r.  LaForpe  was  iMirn  in  New  Ilavcn,  Conn.,  May  4,  1835. 
early  school  JayH  were  .spent  in  his  native  city,  and  about 

he  moved  to  Wiiterliury,  Conn.,  where  he  took  up  hie  reai- 
p.  As  a  niecliaiiic,  he  worked  in  many  of  the  local  factorica. 
873  he  was  apiioiiited  B.iiler  Inspector  for  the  Swond  Con- 
ionid   District.     He  acted  iti  tiiiit  eapiu^ity  from  that  time 

he  was  tiikcn  ill. 

irly  in  ISH.'i  the  users  of  steam  jn  Waterbury  took  lueaBures 
taldish  a  local  coiii]>nny  for  boiler  insurance  on  a  "mutual" 
.  Jlr.  LaForge  was  one  of  the  lir»t  to  aid  in  ihe  movement. 
■tfiO  he  was  rhoscn  the  first  OJiief  In.spector  of  the  Company, 
h  was  called  the  (!onncclicut  Mutual  Steam  Boiler  InspecUon 
Insiiranee  Company.     In  18i)+  lie  was  re-elected  to  o 

Ifififi  Mr.  LaForge  an<l  \V.  Oeildes  patented  a  shafting  ma- 
[•;  in  18fi!l  he  and  (J.  E.  Romers  patented  n  scmw  preu;  in 
I  he  patented  covers  for  stop-clocks;  in  1S8S  he  and  J,  R. 
h  patented  a  keyring  tag,  and  in  1889  he  and  H.  J.  Barker 
nted  a  direet-iicting  steam  <'ngine. 


I 
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In  the  early  part  of  1881  an  association  of  stationary  engineers 
was  formed  in  Providence,  R.  I.,  and  in  1884  Mr.  LaForge  was 
elected  a  Trustee  of  the  organization. 

He  was  .elected  a  member  of  the  Society  in  1887. 

PULASKI   LEEDS. 

Mr.  Pulaski  Leeds  was  born  at  Darien,  Conn.,  in  1845.  When 
thirteen  years  old  he  entered  the  shops  of  the  New  Haven  and 
Hartford  Eailroad  as  an  apprentice,  and  the  whole  of  his  subse- 
quent work  was  done  in  railroad  service.  After  finishing  his  ap- 
prenticeship, he  followed  a  practice,  very  common  and  popular  in 
those  days,  of  becoming  a  locomotive  fireman  as  a  means  of  reach- 
ing the  position  of  locomotive  engineer.  He  ran  a  locomotive  for 
about  five  years,  and  then  returned  to  the  repair  shops  as  fore- 
man. He  rose  by  the  usual  steps  of  General  Foreman  and  Master 
Mechanic,  and  in  1877  received  the  appointment  of  Superintendent 
of  Motive  Power  of  the  Boston  and  New  York  Air  Line.  Two 
years  later  he  went  to  a  Western  railroad,  and  after  holding  official 
positions  on  various  railroads  accepted  the  position  of  Master 
Mechanic  of  the  Louisville  and  Nashville  Railroad,  with  charge 
of  the  repair  shops  at  Louisville,  Ky.  While  holding  that  posi- 
tion Mr.  Leeds  became  noted  for  the  number  of  labor-saving  ap- 
pliances which  he  introduced,  many  valuable  devices  being  of  his 
own  invention.  He  took  a  leading  part  in  the  introduction  of 
pneumatic-driven  appliances  and  other  mechanism  calculated  to 
lighten  the  burdens  and  facilitate  the  operations  of  workmen. 

In  1889  Mr.  Leeds  was  advanced  to  the  position  of  Superin- 
tendent of  Motive  Power  of  the  company  he  had  served  so  well 
as  Master  Mechanic.  In  that  position  he  took  a  lead  in  develop- 
ing the  locomotive  to  the  high  power  and  efficiency  the  engine  has 
now  attained.  While  decidedly  conservative  in  accepting  inno- 
vations, Mr.  Leeds  was  highly  progressive  on  safe  lines  and  had 
exceedingly  keen  perceptions  of  shortcomings  in  mechanical  de- 
signs. 

Mr.  Leeds  for  years  took  an  active  interest  in  the  various  rail- 
road mechanical  associations.  He  was  President  of  the  American 
Railway  Master  Mechanics'  Association  for  one  year,  and  was  a 
member  of  the  Executive  Committee  of  the  Master  Car  Builders' 
Association.  Mr.  Leeds  met  an  untimely  death  on  July  8,  1903, 
by  the  pistol  of  a  workman  who  had  been  refused  a  favor  for- 
bidden by  the  rules  of  the  railroad  company.  Mr.  Leeds  became 
a  member  of  the  Society  in  May,  1902, 
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W.    W.    LINDSAY, 


Hr.  W.  W.  Lindsay  was  bom  in  Pliiladelphia  on  December  25, 
S65,  and  was  educated  in  the  puMic-  schoola  of  tliis  city.  He 
K^duated  from  the  Central  High  Si.-lio()l  in  June,  18S3.  During 
*at  summer  he  entered  into  an  ek'otrical  contrnctiug  business  on 

small  scale.  In  the  beginning  oi  1S83  he  was  employed  for  a 
kaort  time  by  the  George  V.  Oresr^oji  Company  of  Philadelphia. 
*  Jannary,  1887,  be  entered  the  cjiiihloy  of  Gordon,  Strohel  & 
.bureau,  Consulting  and  Contractiiij;'  Kuginecrs,  and  later  became 
k.  partner  in  that  company.  Mr.  LiinlsHy  was  well  known  among 
>Iast-furnace  managers  throughout  the  United  States,  having, 
luring  bis  connection  with  Gordon,  Strnbcl  &  Laureau,  charge 
af  all  field  work.  In  18i*l  he  severed  his  connection  with  thia 
!Ompany  and  became  manager  of  tlic  Uarr  Pumping  Engine  Com- 
pany of  Philadelphia.  Ho  remainti!  with  this  company  until  the 
beginning  of  1898,  at  which  time  he  accepted  a  jiosition  as  General 
Uanager  of  the  Deering  Harvester  Company  in  Chicago,  each 
)f  these  changes  rewutting  in  a  position  involving  greater  reapon- 
libility  and  ability.  In  the  sunuuer  of  1898  be  returned  to  Phila- 
lelphia,  and  engaged  in  the  engineering  and  contracting  buainese 
:or  himself  under  the  name  of  W.  AV.  Lindsay  &  Co.,  which  buai- 
less  he  carriei]  im  riucoessfully  uji  to  the  time  of  his  death  on. 
JJovemlH'r  12,  1!»02. 

Mr.  Lindway  wns  elected  to  the  meiiibership  of  the  Society  oil* 
tfay  17,  18!!2. 

JOIIX  RUOAN  MATLACK,  Ja. 

The  Society  lias  suffered  during  the  year  from  the  death  of  the 
dder  Mr.  Mathick  mid  of  the  .-iubject  of  the  present  Kketi'h.  Ho 
vaa  bom  in  Phihideliiliia  on  August  21>,  1854,  and  after  high 
chool  and  polyteclmic  institute  traiTiing,  he  entered  the  employ 
if  the  Pennaylvjiniii  Itiiihniy  as  rod-man.  In  1875  he  changed  to 
.he  Philadelphia  and  Heading.  In  1877  and  for  five  years  he 
vas  superintendent  of  H.  W.  Evftnw  &  Company.  In  1882  he 
vent  into  topograpliieal  work,  and  in  1883  took  up  sewerage  sy»- 
:em8  and  water  wm-k^*  for  the  town  of  Olean,  New  York.  In 
188.5,  after  a  year  of  topographical  wurk  again,  he  ooiineeted  biro- 
lelf  with  the  firm  .if  Kiclile  Brothers,  of  Philadelphia,  and  WM 
;heir  engineer  for  nuiny  years. 

lie  became  a  meudier  of  the  Sueiety  in  18St2,  and  his  di»nth, 
78 
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on  January  10,  '04,  was  the  result  of  a  railway  accident.  It  was 
not  considered  to  be  a  serious  injury  at  the  time,  but  resulted 
fatally  after  a  short  illness. 

EDGAR    HARRISON    MESSER. 

Mr.  Edgar  Harrison  Messer  was  born  at  Heading,  England,  on 
11th  September,  1867,  and  was  educated  at  Sidcot  School,  Somer- 
set, and  Bootham  School  at^York.  In  1885  he  was  apprenticed 
to  Messrs.  W.  &  J.  Player,  engineers,  of  Birmingham,  and  was 
employed  there  for  three  years  in  the  fitting  shops  and  for  one 
year  in  the  drawing  office.  In  1889  he  proceeded  to  South  Africa, 
and  was  employed  for  two  years  as  an  erector  in  various  mines. 
Afterwards  he  was  appointed  Engineer-in-charge  of  the  New 
Primrose  Gold  Mining  Company's  stamp  mill,  cyanide  plant  and 
hoisting  works.  At  the  beginning  of  1893  he  became  Head 
Draughtsman  to  Mr.  S.  B.  Connor,  Consulting  Engineer  to  the 
Consolidated  Gold  Fields  of  South  Africa.  With  the  exception 
of  a  visit  to  the  Australian  gold  fields,  extending  over  nine  months 
(1896-7),  he  continued  his  connection  with  the  Consolidated  Gold 
Fields  of  South  Africa,  as  Assistant  Mechanical  Engineer  under 
Mr.  J.  B.  Pitchford,  and  later  under  Mr.  H.  C.  Behr,  whose  ap- 
preciation of  his  services  both  gentlemen  were  proud  to  acknowl- 
edge. Severing  his  long  connection  with  the  company  in  June, 
1902,  he  joined  the  British  Engineers'  Alliance  as  Chief  Engineer, 
where  his  thorough  knowledge  of  every  detail  connected  with  the 
mining  industry  promised  him  a  brilliant  future.  His  career  of 
usefulness  was,  however,  cut  short  very  soon  after  joining  the 
Alliance.  Contracting  a  severe  cold,  which  developed  into  double 
pneumonia,  he  died  in  Johannesburg,  on  August  12,  1902,  in  his 
thirty-fifth  year. 

He  was  a  man  of  many  qualities,  genial,  open-hearted  and  a 
friend  to  all.  His  death  caused  quite  a  gloom  in  all  circles  of  the 
community. 

He  became  a  member  of  the  Society  in  May,  1901. 

PAY    DE    VEAUX    OLMSTED. 

Mr.  Fay  De  Veaux  Olmsted  was  born  in  Denver,  Colo.,  October 
3,  1875.    He  died  in  Denver,  October  3,  1903. 

At  the  time  of  his  birth  his  father  was  deeply  interested  in  the 
study  of  milling  methods  as  applied  to  the  ores  of  Clear  Creek 
County,  Colo.,  and  from  the  time  of  his  earliest  childhood  Fay 
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played  an  inclination  to  be  stud  ions,  ei^pocially  along  the  line 

znecliaiiics.  His  physical  constitution  was  tlcver  nigged,  and 
a  result  he  was  not  permitted  to  enter  school  iintil  eight  years 
I-  In  his  studies  be  was  always  far  ahead  of  others  of  his 
o,  even  after  his  schooling  had  tiuled,  and  up  to  the  time,  of 
I  death,  when  he  held  the  position  of  Assistant  to  the  Chief, 
L^lineer  of  the  Telluride  Power  Company,  a  concern  operating 
t>r  huge  power-generating  planta  in  Colorado,  IJtali  and  Mon- 
E»a.  In  all  but  name  he  was  Chief  Engineer,  as  his  superior 
U  absent  most  of  the  time,  and  hie  loss  was  felt  keenly  by  the 
mpany  for  which  he  worked,  by  his  associates  and  by  his  many 
%.Tm  friends  with  whom  he  had  worked  in  varions  parts  of  the 
"Wntry. 

In  1880  his  parents,  in  order  to  overcome  the  effects  of  a  high 
titude  on  his  nervous  system,  remnveci  to  California,  living  first 
-  Lob  Angeles,  later  in  Tehachajii  und  finally  in  San  Jacinto, 
liere,  on  May  8,  1891,  his  father  died.  His  mother  then  re- 
■med  to  Denver  with  her  three  boys.  Fay,  after  putting  in  two 
Bars  at  the  East  Denver  High  School  and  after  exhibiting  marljed 
enius  for  engineering  work,  was  sent  to  Ann  Arbor  to  complete 
is  preparatory  course  in  the  Ann  Arbor  High  School,  and  there- 
fter  to  enter  the  University  of  Michigan. 

In  September,  18!);j,  his  mother  died  in  Denver,  and  he  was 
irown  upon  his  own  resources  with  u  Bmall  inlieritniiee  which 
as  soon  exhansted. 

Hia  first  work  after  leaving  college  was  in  the  railroad  ahopd 
:  Cleveland  during  tlie  winter  of  l.**!l7.  Through  the  foHow- 
g  summer  he  ran  on  the  steamship  "  North  I.aiid "  on  thp 
reat  Lakes  as  Assistant  Klectrieinn.  That  nntumit  ho  was  em- 
oyed  in  the  ofiices  of  the  Northern  Sleiimsliip  Company  at  Buf- 
.]o,  engaged  in  designing  and  drmiglitiiig  in  connection  with  their 
ipair  work,  and  that  winter  went  lo  New  York  to  the  employ  of 
le  Edison  General  Electric  Cnnipanv.  He  worked  with  this  CCMH* 
iny  as  an  Assistant  Snperintendenl  of  Cnnstruction  until  March, 
^99,  when  his  health  was  shattered  lis  the  result  of  an  attack  of 
lenmonia  which  iiearly  ended  fatally.  In  April  following  he 
ime  back  to  Denver  in  the  hope  of  building  np  hia  weakened  con- 
itution,  and  uiigbt  linve  snceeedeil  had  he  continued  to  lead  the 
it-door  life  into  which  he  drifted  in  .\ugnBt  of  that  year,  whi*n 
•  obtained  a  position  with  the  Telluride  Power  Company:  but  his 
orth  was  soon  discovered  by  the  officials  of  tiiat  company,  and 


1142  MEMBERS  DECEASED  DURING  THE  YEAR. 

gradually  he  was  advanced  in  their  service  until  he  became  the 
practical  head  of  the  engineering  department.  The  indoor  work 
which  came  with  promotion  was  more  than  his  frail  physique  could 
withstand,  and  his  death  followed  soon  after. 

He  became  a  member  of  the  Society  June,  1903. 

JULIUS   FR.    PAJEKEN. 

Mr.  Julius  Fr.  Pajeken  was  bom  on  September  16,  1843,  in 
Bremen,  Germany.  He  was  the  son  of  a  well-known  scholar  and 
teacher,  Clemens  Albert  Pajeken.  He  went  to  school  in  Bremen 
imtil  he  was  sixteen,  and  then  came  to  America,  and  served  his 
time  as  an  apprentice  in  the  Morgan  Iron  Works,  College  Point, 
L.  I.  After  tliLs  he  returned  to  Germany  and  studied  for  four 
years  in  the  Technical  High  School  at  Hanover.  His  first  position 
after  this  work  was  in  the  firm— as  a  draughtsman — of  Beyer, 
Peacock  &  Co.,  Manchester.  In  1868  he  entered  the  employment 
of  Messrs.  L.  Schwartzkopf,  Berlin,  locomotive  builders,  and  was 
with  them  for  thirteen  years.  He  was  then  an  Engineer  with 
the  Sachsischen  Maschinenf al^k,  Chemnitz ;  and  also  for  a  short 
time  in  1885  in  the  service  of  a  large  paper  manufacturer  in 
Leipzig.  In  the  year  1888  he  was  appointed  the  Chief  Engineer 
of  the  firm  of  Ludw.  Loewe  &  Co.,  Actiengesellschaft,  Berlin,  and 
later  on  became  one  of  the  Managing  Directors  of  the  Company, 
a  position  which  he  held  at  his  death  on  the  16th  December,  1902, 
with  special  duties  as  a  Manager  of  the  Machine  and  Tool  Works. 

Few  people  realize  what  it  means  to  create,  as  he  did,  a  great 
machine  tool  works,  built  and  equipijed  almost  entirely  along  lines 
followed  in  a  country  over  3,000  miles  away  and  carrying  on  its 
industries  under  entirely  different  social  and  political  conditions. 
Mr.  Pajeken  took  a  special  interest  in  young  men,  and  many  of 
them  realize  themselves  to  be  indebted  to  him  for  wise  counsel  and 
substantial  assistance.  He  was  a  man  whom  it  was  a  privilege  to 
know.  He  had  an  astonishing  acquaintance  with  the  English 
tongue,  speaking  it  as  fluently  and  idiomatically  as  an  English- 
man, a  fact  which  no  doubt  assisted  him  largely  in  making  friends 
in  England  and  America. 

He  became  a  member  of  the  Society  in  December,  1900. 

ALEXANDER  POLLOCK. 

Mr.  Pollock  connected  himself  with  the  Societv  at  its  San  Fran- 
Cisco  Meeting  in  1802.    He  was  born  in  New  York  City,  October 


MEMBERS   DECEASED  DtJGlNO   THE   VEAB,  1143 

1840,  and,  after  a  preparation  in  tlie  public  aclionia  uf  t-lic  city 
cl  college  of  the  city  of  New  York,  entered  tlie  Delaitiater  Iron 
orks  aa  apprentice  in  the  machine  shop,  from  1857  to  18fil. 
IHe  worked  in  the  drawing-room  Avith  the  late  Capt.  Ericseon  as 
3  chief  from  1862-1866,  the  interval  from  April,  1861,  to 
ugust,  1862,  being  given  to  service  in  the  navy  aa  acting  Aa- 
itant  Engineer.  He  served  also  as  Siqwr  in  tending  Engineer 
T  Mr.  John  Baird  of  the  Cromwell  Steamship  Company. 

During  the  last  thirty-five  years  of  his  life,  he  had  been  in  bnsi- 
388  supplying  machinery  and  actinp  us  eontvaetor  for  its  erection. 
J.  Pollock's  death  occurred  on  September  3,  1904, 

CLYDE  FITZ  RANDOLPH. 
Mr.  Clyde  Fitz  liandolph  was  boni  at  Salem,  W.  Va.,  In  1875. 
ftcr  graduatinj;:  from  Salem  College,  he  served  for  a  time  e»  M 
>prentice  in  Plaiiifield.  N.  J.,  and  in  18fl7  entered  the  Mechan- 
b1  Department  of  the  West  Virginia  University,  from  which  he 
■aduatod  in  11)00.  The  following  year  he  studied  «t  Sibley  C-ol- 
ge,  Corneil  University,  receiving  the  degree  of  Mechanical  En- 
neer  in  1001.  Aflrr  leaving  Oomell.  he  accepted  ii  position 
ith  the  G  ray-Blaisdell  Machinery  Company,  Bradford,  Pa.,  and 
ion  was  promoted  to  the  ix>sition  of  Chief  Draughtamsn.  which 
jsition  he  held  until  Septeml>er,  1!H)2,  when  he  resigned  to  ac- 
(pt  tlie  ]K)sitioii  of  Instructor  iu  MechanicHi  Engim-uring  at  the 
Test  Virginia  University.  His  work  iia  nil  instructor  in  inncliiac 
iBigii  was  of  .sueli  high  order  that  at  tlie  (md  of  one  year's 
irviee  he  was  made  Assistant  ProfcsHor  of  Mechauical  Enginoer- 
ig  and  placed  in  rliarge  of  the  instruction  in  machine  dci^ign  and 
rawing.  In  addition  tn  his  work  mentioned  above,  Profcuwir 
:andoli>h  had  designed  a  number  of  ^as  engines  air  coinpre*«ir3 
id  special  machines  for  various  manufacturing  conwms.  He 
Bcame  an  Associate  Jlcniber  of  tlie  Society  In  .rune,  IflOS. 
is  death  the  faculty  of  the  West  Virginia  TTniversity  loses  c 
f  its  most  able  an<l  pojnilar  memlw'rs.  ITo  died  at  Morgantow 
?.  Va.,  May  10,  llt04. 

GKOKGE    RICHMOND. 

There  are  few  men   who  have  Ih'cu   more,  prominent  in  1 

rowth   and   dcvclopineiit   i>f   the    refrigerating'  industry  in   the 

^niteil  States  tliini   (ienrgc   Kiehuioiid,   whose  i^uddcn  death  on 

unc  4,  1004,  eauie  as  a  sliiwk  to  lii;  frieudx,  business  aasoeinte;! 


ana  auvice  were  sougoi  in  aimosi  eveiy  Dpar 
business.  For  years  he  was  Conaulting  Engi 
refrigerating  department,  but  also  in  the  c 
niacliinpry.  Ilis  practical  knowledge  made  ] 
in  the  sales  department,  which  he  snpervin 
previous  to  bis  death. 

!Mr.  Richmond  was  an  Englishman,  and 
States  in  1880.  Soon  after  arriving  in  this 
several  patents  for  refrigerating  madiinerj 
manufacture  of  these  machines  under  tiie 
&  Richmond  in  1882.  In  1891  Mr.  Bichmo 
tion  with  the  I)e  T>a  Vergne  Refrigerating  ] 
Export  I{pfrigerating  Engineer,  and  held  thii 
when,  u])on  the  death  of  Gteorge  E.  Meyer,  1 
neer  of  the  Company,  he  succeeded  to  that  oj 

In  180S  a  new  department  was  created  b; 
Company,  under  the  name  of  Oil  Engine  an 
partuient.  Prior  to  the  opening  of  this  d( 
mond  was  sent  to  Europe  to  find  the  best  typi 
to  be  used  in  the  operation  of  ice  machines. 
vestigatioQ,  four  representative  t^rpes  of  ke 
selected  and  sent  to  his  company  to  be  testo 
periment  under  his  supervision  the  company 
engine  called  the  Homsby-Akroyd  Oil  £i^ 
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Reeopniziag  that  the  time  was  not  far  distant  when  gas  wrjiild 
(■  steam  in  the  development  of  jHiwer  for  largo  enftiiica, 
0[r.  Kichmoud,  as  Consulting  Engineer  for  his  company,  again 
irent  to  Europe  in  1901.  After  a  careful  inspection  of  gaa  en- 
jgjnes  in  use  in  Europe,  he  returned  to  thia  country,  and  in  his 
Jl^rt  strongly  recommended  that  the  company  acquire  the  right 
to  manufacture  and  sell  the  Korting  Double- Acting  Two-Cyde 
Gaa  Engine.  His  recommendation  was  accepted  and  the  company 
immediately  proceeded  to  acquire  llio  right  and  entered  into  the 
manufacture  of  these  engines. 

The  scientific  and  practical  services  which  llr.  Kichmond  had 
rendered  to  his  company  induced  it  to  further  call  upon  him,  and 
he  was  ]>laced  in  charge  of  the  sales  department,  which  under  hia 
<iirection  was  ahly  administered  until  the  day  of  hia  deatli. 

Since  188!)  Mr.  Richmond  had  been  an  active  member  of  the 
American  Society  of  Mechanical  Engineers,  and  was  one  of  the 
managers  from  1897  to  1900.  He  contributed  several  most  valu- 
able papers,  which  were  read  before  the  Society,  among  whicli  the 
following  uiay  be  mentioned :  "  Notes  on  the  Refrigerating  Process 
and  Its  Proper  Place  in  Tlierraoiiynaiuics,"  "  The  Refrigerating 
Machine  as  a  Heater,"  "  Thermodynamics  Without  the  Calenhis," 
"  A  Simple  Calculating  Machine."  lie  was  also  apjiointed  on  a 
ooimnitt^'p  of  tlio  Society  to  establish  a  standanl  for  conducting 
engine  tests,  as  his  research  and  intiiriatc  knowledge  of  gas  and 
oil  engines  made  him  particularly  fitted  to  aid  the  Society  in  the 
detenu  in  at  ion  of  this  important  question. 

Mr.  Richmond  was  a  member  of  the  Engineers'  Chih,  and  lately 
had  been  one  of  the  moving  spirits  in  the  orgauizulion  of  a  Society 
of  Refrigerating  Engineers. 

Kr)r  tin-  hint  few  years  he  had  been  engaged  in  the  invention 
and  perfecting  of  devices  and  ajiidiances  which  would  reduce  the 
cost  of  the  manufacture  of  ice.  One  of  the  most  important  workx 
which  has  been  left  ineomplete  by  his  death  in  a  tn-atise  on  tlie 
flubject  of  refrigeration,  which  he  had  hoped  to  have  publi-ihed  in 
the  near  future, 

JonN  A.  ttorilE. 

Mr,  Rwhe  Iiiis  the  interesting  prominence  of  being  one  of  the 
several  members  of  the  Society  who  have  taken  active  part  in 
political  achievement  by  becoming  incumbents  of  responsible  eleiv 
tive  offices.  Air.  Ro<lie  served  tlie  City  of  Chicago.  III.,  afl  iM 
Mavor,  after  fifteen  years  of  service  in  businesa  relations  aa  Man- 
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ager  of  the  Chicago  house  of  J.  A.  Fay  &  Company,  manufac- 
turers of  wood-working  machinery. 

Mr.  Roche  entered  mechanical  engineering  lines  by  becoming 
an  apprentice  in  the  Allaire  Works  at  New  York,  which  he  com- 
pleted in  1864.  From  1864-1868  he  was  engaged  in  steam  engin- 
eering in  Boston,  in  connection  with  J.  R.  Robinson,  during  which 
time  he  designed  and  superintended  the  construction  of  steam 
plants  of  various  kinds.  In  1868  he  came  to  the  city  of  Chicago, 
was  subsequently  one  of  the  proprietors  and  superintendent  of  the 
Reliance  Works,  making  a  specialty  of  wood-working  machinery. 
From  this  relation  he  entered  the  life-long  connection  with  J.  A. 
Fay  &  Company,  acting  as  designer  and  contractor  for  the  equip- 
ment of  car  and  machine  shops,  and  in  the  design  of  special  ma- 
chinery to  meet  the  requirement  of  this  type  of  establishment. 

Mr.  Roche  allowed  his  membership  to  lapse  after  his  term  as 
Mayor  had  turned  his  interests  away  from  mechanical  matters, 
but  he  resumed  his  membership  in  August,  1902.  His  first  con- 
nection was  at  the  New  York  Meeting  in  1886.    He  died  February 

10,  1904. 

JOHN  RUGGLES  SLACK. 

Mr.  John  R.  Slack,  until  recently  Superintendent  of  Motive 
Power  of  the  Delaware  and  Hudson  R.R.,  died  of  tubercular  men- 
ingitis in  New  York  City,  August  1,  1904.  Mr.  Slack  was  bom 
June  24,  1863,  at  Fishkill-on-Hudson,  New  York.  He  attended 
Columbia  College,  graduating  there  in  1884,  and  two  years  later 
graduated  from  Stevens  Institute  of  Technology. 

He  was  with  the  New  York  Central  and  Hudson  River  Rail- 
road in  the  Motive  Power  Department,  until  1888,  when  he  was 
appointed  Meclianical  Engineer  for  the  Central  Railroad  of  New 
Jersey.  In  July,  1889,  he  was  made  assistant  superintendent  of 
motive  power  of  the  Delaware  and  Hudson,  and  in  January,  1902, 
was  advanced  to  Superintendent  of  Motive  Power.  At  the  time 
of  his  death  Mr.  Slack  occupied  the  position  of  Assistant  to  the 
General  Superintendent  of  the  last  mentioned  road. 

He  became  a  member  of  the  Society,  December  6,  1899. 

HENRY  I.   SNELL. 

On  the  20th  day  of  October  there  passed  away,  in  Philadelphia, 
one  of  the  most  faithful  attendants  upon  the  recurring  meetings 
of  the  Society.  Mr.  Snell  Ix^gan  his  professional  career  previous 
to  the  widespread  of  the  technical  school,  and  began  his  profes- 
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jkl  work  with  a  Civil  Engineer,  and  under  private  inatrnctjon, 
^  3.852.  In  1855  he  entered  the  service  of  the  City  Engineer  of 
-*>'^ell,  Mass.,  and  later,  in  1S57,  attached  himself  to  the  pro- 
**^etors  of  looks  and  canals  of  the  Merrimack  River  under  Mr. 
'  ^xnes  B.  Francis.  "For  ten  years,  from  18C3-1873,  he  was 
**^^chanical  Enfpneer  and  draftsman  with  the  Allen  Works  of 
S^«>«ton.  In  tile  latter  year,  he  connected  himself  with  the  house 
^'^  B.  F,  Sturti'vant,  with  whom  he  remained  either  in  Boston  or 
■**  Philadel)iliiii.  with  a  year's  intermission  of  practice  under  liia 
'^'^^Ti  name,  until  the  time  of  his  death. 

Mr.  Snell  will  be  rememltered  as  one  of  the  participants  in  the 
^C^cursion  to  England,  in  18S!I,  and  as  a  delighted  partaker  in  all 
'^i^B  fnn  that  attached  to  that  enjoyable  trip. 

WILLIAM    WALLACE. 

Mr.  Willinui  Wallace  died  in  Wa.*]iington,  D.  C,  May  20,  1004, 

ill  the  eightieth  year  of  his  age.    lie  was  bom  in  England  in  1825; 

'  "fce  early  came  to  this  country  -(vitli  his  father  and  established  the 

4rm  of  Wallace  &  Sons  at  Ansonia,  Conn,,  which  soon  became  one 

of  the  leading  mannfacturers  of  copi>er  and  brass  alloys  in  the 

United  States.    Ueeoniiiig  associated  with  Prof.  Mosea  O.  Farmer, 

they  began  the  nianufiieture  of  a  compound  telegraph  wire,  consiat- 

ing  of  a  steel  core  and  an  electrotypcd  copp<'r  covering,  thus  giving 

oonductivity  and  strength,  combined  with  lightness.    In  1876,  at 

thi)  Centennial  Rxiiihition,  Mr.  Wallace  brought  out  the  Fariner- 

'     Wallace  Dynumo  Machine,  willi  which  the  hntlding:^  were  aueceas- 

I     fully  lighted,  being  the  earliest  general  electric  lighting  in  this 

j     country.    A  year  or  two  later  he  doviwd  a  plate  are  lamp  for  nso 

with  this  macliiiie,  hy  means  of  wliich  a  nnnibi'r  of  are  lights  could 

be  pluet'<l   in   scries   on   the   circuit,   tlins  originating   the   iterien 

method  of  arc  lifrhting  now  so  common.    Mr,  Wallace  was  greatly 

,   interested  in  .si'lcntitic  questions  and  had  fitted  up  a  laboratory  jn 

hiH  house  for  i-xperimental  purposes.     He  constructed  an  indue- 

tion  coil  of  liirfre  size,  which  at  that  time  was  nne<pialled  in  tliis 

coDutrv.     lie  iias  regarded  as  one  of  the  leading  authorities  in 

the  United  Slates  on  tli<'  alloys  of  copper,  zinc  and  tin. 

Mr.  Wallace  was  genial  and  agreeable  in  manner  and  willing 
to  assist  others  in  every  possible  way.  For  some  years  ho  had 
lived  quietly  in  Washington,  spending  his  time  in  working  mtb 
his  microscope,  in  the  use  of  which  he  had  become  exi>ert. 

Mr.  Wallace  hecame  a  meniher  of  the  Society  in  November, 
1890. 
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JOHN  Q.  WRIGHT. 

Mr.  John  Q.  Wright,  a  veteran  in  the  machine  tool  business, 
passed  away  with  death  by  his  own  hand  on  the  16th  of  October, 
1903.  He  "was  for  a  time  General  Superintendent  of  the  works 
of  the  Putnam  Machine  Company,  and  for  many  years  their  rep- 
resentative in  charge  of  the  New  York  office*  He  joined  the 
Society  at  its  Pittsburg  Meeting  in  1884. 
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